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ABSTRACT
One hundred thirty-eight species of diatoms assigned to fifty-one 
genera were recovered from seventy surficial bottom sediment samples 
of the deep Gulf of Mexico. All physiographic regions exclusive of 
the continental shelves are represented in this investigation. The 
predominant species are Coscinodiscus nodulifer, Paralia sulcata, 
Actinocyclus octonarius var. crassus, Coscinodiscus domifactus, 
Coscinodiscus radiatus, Cyclotella striata, Hemidiscus cuneiformis, 
Nitzschia marina, Coscinodiscus nitidus and Diploneis crabro.
Eight silicoflagellate taxa were recovered from the Gulf bottom 
sediments. The predominant species, Dictyocha messenansis, was found 
in highest abundance on the Campeche and West Florida Slopes reflecting 
highest plankton productivity in these areas.
Diatoms and other siliceous biogenic remains are sporadically 
distributed throughout the Gulf basin. Forty-six stations yielded 
abundant diatom remains for statistical analysis while twenty-four 
stations were considered barren. This pattern appears to be a reflec­
tion of low plankton productivity and silica dissolution.
A nested analysis of variance was applied to the relative abundance, 
mean preservation and mean size of diatoms for each sample in order to 
investigate the possible relationships between distribution patterns 
and physiographic position within the deep Gulf of Mexico. The results 
for relative frequency proved useful in distinguishing differences 
between defined provinces within regions. Differences between the
xv
carbonate (Campeche and West Florida) and terrigenous (Texas-Louisiana 
and East Mexico) slopes, and between the Sigsbee and East Gulf Abyssal 
Plains were distinguished. The results of the nested analyses of 
variance indicated that neither the diatom mean preservation nor 
mean size values were entirely related to changes in physiography.
SYMAP contour plots of the frequency, preservation and size of 
diatom taxa indicate that the changes in distribution patterns can be 
related to the hydrologic and the sedimentologic framework of the Gulf 
of Mexico and to the effect of the freshwater influx into the open Gulf. 
A Q-mode cluster analysis performed on these data substantiates this 
interpretation. The SYMAP frequency maps reveal an eastern and western 
Gulf diatom flora defined in the bottom sediments reflecting major cir­
culation patterns in the water column. The occurrence of tychopelagic
taxa correlate with known positions of freshwater influx into the Gulf.
2
A maximum R improvement regression technique was applied to the
frequency of occurrence of the twenty most abundant diatom taxa to
identify those taxa whose abundance was controlled by changes in water
depth. Although most taxa displayed a statistically significant rela-
2tionship, the low R values indicate unaccounted sources of variation 
other than depth affecting the distribution of diatoms.
An objective ordinal classification scheme was established to 
define the abundance of the biogenic siliceous remains in the Gulf 
bottom sediments. The data for diatoms, silicoflagellates, pyrrophyte 
endoskeletons, radiolaria, siliceous sponge spicules and phytoliths 
were ranked according to defined physiographic provinces and were
xvi
analyzed by the Kruskal-Wallis one-way analysis of variance by ranks.
The West Florida and Campeche Slopes show significantly higher abun­
dances of diatoms, sponge spicules, silicoflagellates and pyrrophyte 
endoskeletons than do the Texas-Louisiana and East Mexico Slopes 
apparently reflecting differences in productivity, preservation and 
terrigenous sedimentation. Phytoliths show higher abundances in the 
Sigsbee Plain than in the East Gulf Plain, reflecting terrigenous 
input and restricted circulation in the western Gulf of Mexico.
The conclusions of the study are:
1. Distinct western and easterp diatom thanatocoenoses can be 
recognized in the surficial bottom sediments of the Gulf of Mexico.
2. Freshwater influx greatly influences the distribution of 
siliceous remains in the surficial bottom sediments of the Gulf 
of Mexico.
3. Approximately 1*0$ of the total number of diatoms counted in 
samples from the deep Gulf of Mexico are displaced from non- 
oceanic areas.
CHAPTER I
INTRODUCTION
The Gulf of Mexico is one of the major low productivity, restricted 
oceanic basins existing today. Little is known about the siliceous 
microorganisms preserved in its surficial bottom sediments. A knowledge 
of such organisms in the bottom sediments is important for both the 
neontologist, who is interested in the ecology, and the paleontologist 
(biostratigrapher), who must deal with ancient basins similar to those 
of the Gulf of Mexico.
The neontologist may be interested in the siliceous microorganisms 
in the surficial bottom sediments of the Gulf of Mexico for the infor­
mation they can supply concerning the relationship between the thanato- 
coenosis and the overlying biocoenosis; and to the silica cycle in the 
oceans. At the same time, the spatial distribution of taxa may be re­
lated to environmental factors, such as water currents, fresh-water 
influx, and productivity; relationships which help the neontologist 
better understand the Gulf of Mexico ecosystem.
By studying an isochronous boundary, as the modern Gulf of Mexico 
surficial bottom sediments, the persistency of siliceous phytoplank­
ton assemblages over geographic area may be better understood; such an 
understanding is important to the biostratigrapher because it is the 
basis of temporal analysis and biostratigraphic correlation.
Diatoms silicoflagellates, radiolaria, sponge spicules, phytoliths 
and certain pyrrophyte endoskeletons are biologically precipitated 
skeletal elements composed of amorphous hydrated opaline silica of the 
general formula SiO^ . nHo0. They are present in varying amounts in
1
2the surficial bottom sediments of the Gulf of Mexico and indeed all 
of the marine environments of the earth. In the present oceans, 
diatoms and silicoflagellates comprise the bulk of the siliceous 
phytoplankton and thus they represent major oceanic primary producers, 
as well as sediment contributors.
Very little is known about the diatoms and silicoflagellates of 
the Gulf of Mexico. There is neither a comprehensive systematic 
treatment of the Gulf of Mexico siliceous phytoplankton, nor informa­
tion on their geographic distribution patters. The purpose of the 
present study was fourfold.
1. Document the siliceous biogenic remains of the Gulf of 
Mexico surficial bottom sediments exclusive of the continental shelf.
2. Define the distribution patterns of the relative frequency 
of occurrence of diatoms and silicoflagellate taxa with respect to 
physiographic province and water depth.
3. Define the distributional patterns for the preservation and 
size of diatom taxa with respect to physiographic province.
i*. Determine the distributional patterns for the relative 
abundance of the major groups of siliceous organisms viz. diatoms, 
silicoflagellates, radiolaria, sponge spicules, pyrrophyte endoskele- 
tons and phytoliths.
In general, the investigation documents a modern thanatocoenosis 
of siliceous microfossils from a low productivity marginal sea basin.
3A discussion of some relevant literature
Previous studies on diatoms of the Gulf of Mexico
No completely comprehensive study of the diatom flora from the 
surface waters of the Gulf of Mexico has been published. Most 
published work has dealt with the brackish and/or nearshore coastal 
forms from the water column and only within the past ten years have 
studies of diatoms from Gulf of Mexico oceanic surface waters been 
attempted. Prior to the present investigation diatoms were unre­
ported from oceanic surficial bottom sediments of the Gulf of Mexico.
Conger (1955) summarized earlier work on diatoms from the Gulf 
of Mexico. He noted that studies were fragmentary and usually 
involved species lists or unillustrated accounts.
The occurrence of phytoplankton blooms and their relationships 
to mortality of fishes off the Florida coast spurred numerous investi­
gations in this phenomena (Gunter, Williams, Davis and Smith, 19^8; 
King, 1950; Davis, 1950; Dragovich, 1963; Sanders and Wahlquist,
1969; Sanders, Birnhak, Davis and Wahlquist, 1969; Sanders and Glenn, 
1969). In particular, citings of diatoms in the coastal waters off 
the west coast of Florida increased in the 1950's and through the 
I960's due to the investigation of these blooms.
Freese (1952) and Wood (1963) described the diatoms in brackish 
and coastal waters of the Texas Bay region. Curl (1959) noted ll6 
species from Apalachee Bay and the northeast Gulf of Mexico, but 
examined only a few sampling stations extending onto the continental 
shelf in this region.
Thomas and Simmons (i960) and Simmons and Thomas (1962)
described in detail the diatom assemblage found in the Mississippi 
delta region. Of the 200 identified species of phytoplankton, the 
diatoms comprised 86 percent of the total assemblage. They noted two 
associations from the mouth of the Mississippi River: a river asso­
ciation, defined by the dominance of Cyclotella, Melosira and 
Kavicula; and a Gulf association, defined by Ritzschia, Thalassionema 
and others. Immediately offshore both the river and Gulf associa­
tions are mixed.
Saunders and Glenn (1969) made a comprehensive study of the 
diatoms from water samples off the central western coast of the 
Florida shelf recognizing 186 taxa. These represented the neritic 
phytoplankton of this part of the Gulf.
Balech (1969) first described diatom taxa in the open Gulf of 
Mexico. They were collected from 9 cruises. For all but one of 
these cruises samples were taken by both vertical and horizontal hauls 
using a 35 micrometer plankton net. Balech listed the diatom genera 
and species for each station and their general relative abundance.
Zernova (1969) described the areal distribution of phytoplankton 
in the southern Gulf of Mexico. She found 156 species of diatoms and 
noted the phyloplankton in the region is dominated by the diatom 
genera; Chaetoceros (30 species), Rhizosolenia (15 species),
Nitzschia (ll species), and Coscinodiscus (j species). Zernova 
differentiated six regions of the southern Gulf, defined by different 
phytoplankton associations. Three regions lie within the neritic 
zone shoreward of the 200 meter isobath. The three other 
regions lie in the deeper water of the open Gulf. These are the 
Yucatan Channel, the northern part of the Campeche Bay and th'e area
5of cyclonic upwelling in the western part of Campeche Bay. Zernova 
noted a sharp reduction in the absolute abundance of phytoplankton, 
especially diatoms, in the oceanic areas of the Gulf of Mexico.
Fryxell (1971) studied the vertical distribution of phyto­
plankton in the open Gulf of Mexico. She observed that the total 
cell numbers were low but species diversity was high.
Harris (1971) characterized suspended matter from various areas 
of the open Gulf of Mexico. He found diatom and other algal remains 
fairly common in these areas.
Fukase (1967, in El Sayed et al., 1972) gave a quantitative 
assessment of diatoms along a transect between Galveston, Texas, and 
the Yucatan Channel. He found maximum diatom abundance off the north­
east Yucatan Peninsula, and a distinct paucity in the central gulf.
Also, he noted characteristic Antarctic diatoms off the Yucatan Coast 
presumably carried into the Gulf by currents.
Hurlburt and Corwin (1972) described the phytoplankton distribu­
tion in the eastern and central Gulf of Mexico and observed diatoms as 
the predominant forms in the shallow water, off the continental 
shelves, and also at three locations in very deep water associated 
with the loop current off the east Campeche Shelf. Elsewhere in the 
deep Gulf of Mexico they noted the phytoplankton assemblage domi­
nated by the coccolithophyte Bmiliana huxleyi.
Sanders and Fryxell (1972) in reviewing the distribution of 
diatoms throughout the Gulf of Mexico presented distributional maps 
of species that have high overall frequency in the water column.
In the same monograph Conger, Fryxell and El Sayed (1972) listed all 
the diatom taxa previously described from the brackish, coastal, and
6oceanic waters of the Gulf of Mexico.
Related studies on diatom areal distribution patterns
One of the earliest works on diatom distribution patterns from 
the northern oceans was published by Cletfe (l873). He found that 
many diatoms common in the Arctic Sea were not found in the tropics. 
Cleve (1899, 1903) and Gran (1900, 1902) studied diatoms in the water 
column of the northern seas and determined that each current, and 
climatic zone in the oceans could be delineated on the basis of the 
composition of its diatom assemblage. LeBour (1930) added to this 
information with a comprehensive study of the planktonic diatoms of 
the northern seas.
In the northwest Atlantic Ocean, Hulburt and Rodman (1963) 
studied the phytoplankton distribution off the east coast of the 
United States. They found neritic diatoms favored lower salinity water 
than did oceanic diatoms and noted neritic forms may become an 
important constituent of the plankton during blooms in the open 
ocean. Other studies in the northwest Atlantic Ocean by Hulburt 
(1966), Hulburt and MacKenzie (1971), and Marshall (l97l) provided 
additional information on the distribution of diatom taxa in this 
region. Marshall (1969), in a detailed study of the phytoplankton 
off the North Carolina coast, observed a predominance of diatoms in 
coastal and shelf waters, with a change seaward into predominantly 
flagellated organisms such as the dinophycids and coccolithophorids, 
characterizing the Gulf Stream and Sargasso Sea. Vargo (1968) 
analyzed the phytoplankton distribution in the Straits of Florida and 
concluded that trends in the vertical distribution of species are
7caused by deep mixing of surface waters, subsurface pockets of 
mixing, and vertical water movements over a shallow range of depth.
In the southwest Atlantic Hart (1935) determined that the four 
main water masses could be distinguished by their diatom assemblages. 
Hendey (1937) in a comprehensive study of diatoms of the Southern Seas 
distinguished a warm-water flora, a cold-water flora and an Ant­
arctic Convergence flora. Mann (1937) studied the diatoms in the 
water column off of Antarctica.
The Pacific Ocean diatoms are better known that those from any 
other area. Aikawa (1936) studying the western Pacific concluded 
the seas around Japan are divisible into neritic and oceanic regions 
by planktonic diatoms. Cupp (1937) in the northeastern Pacific 
Ocean determined the presence of Arctic oceanic species and temper­
ate oceanic and neritic species in the assemblages. Cupp (19^3) made 
a comprehensive study of planktonic diatoms off the west coast of 
North America, where he noted the effects of cold water upwelling.
He recognized lUl taxa of planktonic diatoms. The phytoplankton of 
the Gulf of Panama, in the eastern equatorial Pacific were studied 
by Allen (1939) who noted the diatom assemblages were similar in 
species composition to those found in more northern waters. Later 
Smayda (1966) made a comprehensive study of the phytoplankton of the 
region and showed that the diatoms dominated the plankton. Of the 
175 diatom species found by Smayda only 25 characterized the region 
and were distinctly related to cold-water upwelling in the Gulf of 
Panama.
Diatoms of the Gulf of California were studied by Round (1967).
He noted much variation in diatom content among samples throughout
8the Gulf. On the bases of the diatoms and other phytoplankton 
Round defined four water masses throughout the Gulf of California.
Related studies on diatoms in surficial bottom sediments
Initial documentation of diatoms in deep sea bottom sediment was 
published in the l850's by Bailey and Ehrenberg (see Round, 1971 for 
review), although Mann (1907, 1937) was the first to recognize the 
discrete character of the diatoms present in surficial bottom sedi­
ments. Agassiz (1885, 1888) first described phytoplankton remains 
from bottom sediments of the Gulf of Mexico.
The work by the Soviet diatomists, Jouse, Kozlova, Seczkina and 
Semina was summarized by Wornardt (1969)- r^ e Soviets particularly 
compared the diatoms in surface waters with those in the surficial bottom 
sediment of the same areas. Their research showed good correlation 
between diatom taxa in the water column and in the bottom sediments.
Kanaya and Koizumi (1966) examined bottom sediments throughout 
the Pacific Ocean basin and established discrete diatom assemblages 
based on the distribution patterns of individual species. The species 
composition of these assemblages is a reflection of the upper water 
masses and surface circulation in the Pacific Ocean. They character­
ized cold and warm water assemblages and used recurrent group 
analyses to establish five recurrent groups of diatoms. These, 
together with the ratio of cold to warm water species, were used to 
define seven assemblages in the Pacific basin.
Jouse, Kozlova and Muchina (1971) made a detailed investigation of 
diatoms distributed within Pacific Ocean bottom sediment. They sub­
divided the Pacific basin into seven ecologically different diatom
complexes. The composition of each complex varied generally with the 
geographic zone (i.e., zoned climate and water was characteristic) 
of the ocean, and more specifically in accordance to the nearshore or 
open ocean location of the site. Zhuze (1972) studied the diatoms in 
surface sediment off the west coast of South America and related 
the distribution of taxa to the prevailing hydrologic conditions 
in the area.
Round (1967) in his study of the Gulf of California divided 
the surficial bottom sediment into four zones based on the presence 
of diatom taxa. In spite of the general features of diatom distri­
bution in this region, Round noted that there was considerable vari­
ation from station to station. In general, the sediments rich in 
diatoms were grouped irregularly across the Gulf of California; and 
areas with very low abundances of diatoms were common. Round 
suggested this distribution is related to the bottom contours and 
bottom currents of the basin and also to the varying amounts of 
terrigenous material deposited in different areas throughout the 
basin.
Kozlova (1971) reported that the abundance of diatoms in bottom 
sediment of the Indian Ocean is much less than that observed in the 
Pacific Ocean. She noted that productivity, preservation and dilu­
tion by terrigenous sedimentation greatly altered the abundance 
of diatoms in the surficial bottom sediment of the Indian Ocean.
Sources of variation influencing the distribution of diatoms
The taxonomic composition of the siliceous plankton recorded in 
an assemblage is determined by a number of factors each of which may
induce variation in the final assemblage. These factors include 
those sources of variation occurring in the water column, those 
occurring within the sediment and rock, and those occurring in 
the laboratory and during sampling. Some of the factors influencing 
the final assemblage are illustrated in text-figure 1.
The Water Column Effect
General Biology
The living diatom is a photosynthetic eucaryotic protist 
consisting of two basic units, the protoplast, containing the various 
organelles, the cytoplasm and the boundary membranes; and the frustule, 
which is the solid skeleton composed of hydrated amorphous opaline 
silica. The systematics of diatoms is based on the morphology of the 
frustule. The construction of the frustule has been reviewed by 
Fritsch (1935)» Lewin (1962), Hendey (196U) and Reimann, Lewin 
and Volcani (1966).
The frustule is composed of a number of segments. These usually 
include two valves and two connecting bands. After diatoms are incor­
porated in the bottom sediments, the valves and connecting bands 
usually become disarticulated. Consequently, the investigator 
generally defines a diatom species on a single valve.
The size of diatom frustules ranges from 2 to 3 micrometers 
in diameter or length to greater than 2,000 micrometers. Most diatoms 
are generally 10 to 200 micrometers in size. Individual diatom 
species usually exhibit a range in size. A study of the size 
of diatoms in complicated by their biology. Due to the parti­
cular construction of the living diatom, one valve fitting in­
to the corresponding valve, theoretically, in a single
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Text-figure 1. Sources of variation influencing the diatom assemblage.
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frustule, one valve is smaller by double the thickness of the girdle 
band (Rao and Desekachary, 1970). Moreover, because the most common 
method of reproduction is asexual by successive divisions occurring 
through the valvar plane, a single parent cell donates one valve 
to each of the two daughter cells. Consequently, one daughter cell 
is the same size as the parent cell and one daughter cell will be 
reduced approximately by double the thickness of the girdle band.
As a result of continued reproduction within each lineage, there is 
a progressive decrease in cell size. At the same time, many diatoms 
are affected by a change in ultrastructure and in valve outline 
(Round, 1970). This reduction process is stopped by the formation 
of auxospores, from which develop cells of maximum size with valves 
having all the characteristics of the original ancestor.
Hendey (196U) has reviewed the numerous methods of auxospore 
formation in diatoms. The causative factor for the initiation of 
auxospore formation is thought to be a combination of minimum cell 
size for each species and external environmental factors. Tappan 
and Loeblich (1970) noted that the minimum size of eucaryotic 
protists is related to the minimum size and number of necessary 
organelles, such as the nucleus and plastids. Hart (1937) made a 
reference to the connection between size of diatom species and the 
content of nutrients in the marine environment. Margalef (1969) 
studied the size of centric diatoms in terms of being ecologic 
indicators.
Parsons and Takahashi (1973) also noted that environmental 
and physiological factors may control the cell size of phytoplankton 
cells. Wimpenny (1973) suggested that the intensity of grazing
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may correspond to an increase in the cell diameter of centric marine 
diatoms.
Arrhenius (1952) accounted for the large-size frequency maxima 
in the size distribution of Coscinodiscus nodulifer in the equatorial 
East Pacific Ocean sediments by a high rate of production in the water 
column. Kolbe (195^) conducted an extensive biometric analysis on 
C. nodulifer and related the predominance of large-size forms through 
numerous cores in the Equatorial Pacific to the improvement of life con­
ditions resulting in an increase in production of auxospores. A study 
was conducted by Olausson (1971) in the North Atlantic in which maximum 
cycles for _C. nodulifer were related to auxospore formation in an early 
state of the life cycle favored by an increase in supply of nutrients.
Diatom Habitats
Diatoms are one of the more widely distributed forms of life on 
earth. They are part of either the sessile or vagrant benthon or plank­
ton and may be either solitary or colonial. The formation of colonies 
is generally believed to be solely a mechanical construction since the 
individual cell neither offers nor receives any benefit, although the 
colonial habit may be of some value in flotation in the holoplanktonic 
forms.
Major diatom habitats are distinguished by water salinities and may 
be divided into fresh, brackish and marine environments. The neritic 
environment is a highly complex subdivision of the marine habitat and 
may be divided into three zones based on relative water depth; an inner 
or littoral zone, a middle zone and an outer zone. In comparison, the 
oceanic environment is a more uniform, deeper system.
Ik
Benthonic diatoms are generally restricted to the neritic environ­
ment and tend to form complex micro-habitats controlled by the hetero­
geneous conditions found in shallow water marine environments (Round, 
1971). Planktonic diatoms in the neritic zone are either holoplanktonic, 
meroplanktonic or tychopelagic forms (Hendey, 196U). Holoplanktonic 
diatoms are independent of the water depth on the continental shelf and 
spend their entire life cycle afloat. Meroplanktonic taxa spend a short 
duration afloat in the plankton and then proceed into a resting stage on 
the sea bottom. The resting stage is a thickly silicified resting cyst. 
The environmental factors that influence encystment or excystment are not 
known. Tychopelagic taxa are sessile benthonic forms that are torn from 
the sea bottom and remain afloat in the plankton. They are believed to 
reproduce only when attached to the sea floor.
Diatoms of the open oceans are all holoplanktonic taxa. However, 
meroplanktonic, tychopelagic and even benthonic taxa may become physi­
cally incorporated in the open oceans. For example, Hendey (196k) noted 
that it is not unusual to find large numbers of displaced benthonic 
diatoms amongst the plankton off the coast of Great Britain. Vertical 
mixing brought about by the cooling of surface waters during the winter 
months and storms and other local phenomena are all causes of this ad­
mixture. Moreover, Hulburt and Rodman (1963) have noted that during 
periods of high productivity the neritic component may become an impor­
tant constituent in the open ocean.
Factors influencing primary production
Studies concerning the affect of water mass characteristics, such 
as the presence of nutrients, light and general water chemistry, on the 
production of diatoms were reviewed by Fritsch (1935), Patrick (19^7),
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Yentsch (1962), Raymont (1963), Lewin and Guillard (1963), and Patrick 
and Reimer (1966).
The term phytoplankton productivity involves the rate of synthesis 
of organic carbon while the term production involves the resulting quan­
tity of yield in terms of number of cells. The absolute numbers of 
diatoms in the aquatic environment depends ultimately on the amount of 
direct solar energy available for photosynthesis and indirectly on the 
world-wide oceanic circulation patterns produced by unequal distribution 
of solar energy.
Solar energy, together with hydrologic conditions and nutrients 
are the predominant factors that ultimately determine the absolute 
abundance of planktonic diatoms; and, previous studies have established 
that the abundance of siliceous protists in the open marine environment 
correlated with regions of upwelling of water (Sverdrup, Johnson and 
Fleming, 19^2). Lisitzin, et al. (19°7 a, b) and Lisitzin (1971* 1972) 
show that the abundance of siliceous organisms in the water column 
directly reflects the abundance in the bottom sediments and the forms 
are most abundant in areas of upwelling.
The major areas of upwelling may be arranged into three latitudi­
nal belts which include a southern circumpolar belt encircling Antarctica, 
a near-equatorial belt in the Pacific and Indian Oceans and a northern 
belt in the Pacific Ocean. In addition, upwelling is found along the 
west coast of continents and localized areas throughout the world ocean.
The availability of nutrients is critical in determining the 
abundance of diatoms in the water column. Of particular importance 
to diatoms are silicic acid, as a source of silicon for construction 
of a frustule; nitrogen for proteins; and phosphorus for nucleic acids.
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All three elements have been described as limiting factors in 
diatom production by various authors (see Patrick, 19^7).
Conger (1955) summarized information prior to 1955, on productivity 
in the Gulf of Mexico. He concluded that knowledge of the general 
occurrence and succession of the Gulf flora is too meager to make any 
definitive statements concerning productivity. Productivity studies of 
Riley (1937), Marshall (1956), Odum and Hoskin (1958) and Thomas and 
Simmons (i960) were mainly concerned with coastal waters. Bogdanov 
et_ al. (1968) provided information on productivity in the southern 
portion of the Gulf of Mexico. El-Sayed (in El-Sayed et al., 1972) 
reported the most recent results, estimating primary productivity in 
the Gulf of Mexico and noting that the open Gulf is characterized by 
low plankton productivity, except for localized areas of high produc­
tivity due to upwelling. El-Sayed noted that regions where organic 
production is high coincide with regions where nutrient replenishment 
occurs, i.e., off of Yucatan, due to the Loop current,and off of the 
Mississippi delta, due to river input. This was confirmed by Fukase 
(1967) who found the highest diatom counts (10^ cells/liter) in a
region off the northeast Yucatan Peninsula (text-figure 2). His data
2showed the scarcity (10 cells/liter) of diatoms in the central Gulf 
of Mexico.
Factors affecting the spatial distribution of diatoms
in the water column
While hydrological conditions and availability of nutrients pri­
marily determine the absolute abundance of diatoms in the oceanic 
environment, numerous factors, including termperature, viscosity, 
solar radiation, and salinity determine the spatial distribution of
17
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Text-figure 2. Surface diatom counts (cells/liter) at stations sampled 
in September 1965 (from Fukase, 1967 IN El-Sayed et al., 1972).
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diatoms. Solar radiation is primarily responsible for the generation 
of surface circulation and the delineation of latitudinal climatic 
zones across the planet. Also, it is a necessity to the photosynthetic 
diatom for life processes, and ultimately defines the photic zone in 
the oceans to which the living organism is restricted. The effects 
of light and temperature are in many cases inseparable.
In general, marine temperature ranges and rates of change are low 
for the tropics with the seasonal variation in temperature being two to 
three degrees Celsius (Prescott, 1968). Temperature is the primary 
reason why different species occur at different latitudes and in various 
current systems. Also, there is an optimum temperature or temperature 
range at which metabolism, photosynthesis and reproduction occur.
Salinity is a significant factor in the distribution of diatoms 
because some species are fairly specific in their salt requirement.
In oceanic environments, evaporation and precipitation primarily deter­
mine salinity, while in nearshore areas, the dilution effect of continen­
tal runoff plays a predominant role in the distribution of salinity and 
thus of diatom taxa.
Viscosity is important in controlling the flotation of planktonic 
diatoms. Since planktonic species are more dense than sea water, they 
naturally tend to sink. To retard sinking, the living diatom may have 
a reduced cell size or in other ways increase the surface to volume 
ratio (Smayda, 1958). Gran (1912) classified the various types of 
processes which diatoms utilize to supply more surface area for flotation. 
Many of these processes Interlock, producing chain-like colonies. Munk 
and Riley (1952) challenged Gran's idea and stated that the presence of
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processes and colony formation in diatoms actually reduces the surface 
to volume ratio and increasesthe cell's sinking rate.
The oceans are in general slightly alkaline, with a pH generally
between 7*5 and 8.U, and occasionally getting as low as 7*3 (Prescott,
1968). Changes in pH through photosynthetic reactions may affect
other organisms and indeed be part of the selection pressure that
determines the dominance of one species over another.
Factors after death, during settling, and incorporation in 
the sediment
Upon death of the diatom in the water column, oxidation of most 
of the organic constituents of the protoplast occurs rather rapidly, 
and only the siliceous frustule remains. The frustule now becomes a 
small inorganic suspended particle. Colonial forms more often than 
not disarticulate, depending upon the morphology of the frustules. 
Similarly, an individual frustule may or may not disarticulate, depending 
on its morphology. The diatom frustule, or a single valve, may stay 
suspended in the water column for a significant amount of time. During 
this period, it may undergo primarily lateral transportation due to 
current systems, or may begin to settle through the water column and 
ultimately reach the bottom of the basin and be incorporated in the 
surficial bottom sediments.
The diatom assemblage of the thanatocoenosis is not necessarily 
identical to the diatom assemblage of the overlying biocoenosis.
Two primary factors, lateral transportation and dissolution, may act 
to modify the original diatom assemblage in the water column from that 
observed in the bottom sediments.
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Settling of diatoms
The mechanisms of phytoplankton suspension and sinking were 
reviewed by Smayda (1970, 1971) and Lisitzin (1972). The mineralized 
cell coverings of phytoplankton are generally less than 250 micro­
meters in size and settle according to Stokes' Law. The settling 
velocity of the skeletons is thus determined, firstly by their size 
and secondly by the properties of the water, in particular, its 
density. Other factors such as shape, colony formation, and the 
presence or absence of protuberances modify settling velocities.
Munk and Riley (1952) noted the effect of shape on settling velocity 
is size dependent. For example, a particle with a five micrometer 
diameter will settle faster if it is plate-shaped rather than a cylin­
der or sphere, while a 300 micrometer particle will settle faster if 
it is a cylinder rather than a sphere or plate.
The settling velocity determines the residence time of the par­
ticle in the water column. This residence time greatly affects dissolu­
tion and lateral transport of the frustules. In addition, settling 
velocity determines the rate of deposition of the biogenic component 
and, therefore, its absolute abundance in the bottom sediments. With 
the knowledge of settling velocities of various phytoplankton, the 
general mechanisms of deposition can be better understood.
Calvert (1966) described varved sediments from the Gulf of Cali­
fornia. These sediments are composed of laminae of planktonic diatoms 
with alternating bands of mud and silt. These laminations appear to 
be associated with the increase in terrigenous sedimentation in the 
summer. Because the maximum size of the diatom skeletons forming the 
thanatocoenosis is generally 50 to 30 micrometers, normal settling
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rates could not account for the formation of the laminated sediments 
due to annual diatom bloom.
Smayda (1970, 1971) has discussed four mechanisms to account for 
the accelerated sinking rates of phytoplankton remains. These are 
density inversion currents; cell aggregation; downwelling; and descent 
within fecal pellets. Of the four mechanisms, Smayda suggested descent 
within fecal pellets was the most significant. Similarly, Lisitzin 
(1971) noted that only a small proportion of the diatom frustules 
descend freely to the ocean floor but rather a majority enter zooplank- 
ton food chains, especially that of copepods, wherein they become 
incorporated in the fecal pellets. The settling rates of fecal pellets 
are from one to three orders of magnitude greater than that for most 
single phytoplankton cells. In addition to increasing the sinking rates 
of diatom frustules, the fecal pellets act to protect the frustules 
from dissolution during descent to the bottom sediments.
Lateral transport
Although no comprehensive studies have been made concerning the 
role of lateral transportation, including displacement from shallow 
waters, the effect is evident in the fact that transition zones occur 
between major phytoplankton provinces and displaced diatom species 
have been recovered from oceanic sediments (Kanaya and Koizumi, i960; 
Lisitzin, 1971). In the Gulf of Mexico, Fukase (1967) noticed the 
presence of Antarctic diatoms purportedly carried into the Gulf by 
currents.
Dissolution of diatom frustules
The factors that affect the dissolution of biogenic opal of diatom 
frustules are listed in Table I.
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TABLE I
FACTORS AFFECTING THE DISSOLUTION RATE OF DIATOM SILICA
I. Biological Factors
A. Productivity
B. Within species
1. degree of frustule silicification
2. exposed surface area
3. coatings (organic, metallic, etc.) 
I*, composition of opal
C. Grazing
1. in plankton (fecal pellets)
2. in benthos (bioturbation)
II. Environmental Factors
A. Chemical
1. temperature
2. dissolved silica content
3. pH
B. Physical
1. pressure
2. sedimentation rates
3. bottom currents
Studies of diatoms found in suspension by sampling from vertical 
profiles in the oceans indicate that most diatom frustules in the bio- 
coenosis are destroyed by dissolution in the upper 100 meters of the 
water column • (Murray and Renard, 1891; Kolbe, 1955; Lisitzin, 1971).
The diatom biocoenosis of the open ocean is predominantly composed of 
weakly silicified genera such as Rhizosolenia, Chaetoceros and Bac- 
teriastrum. These forms are generally uncommon in the bottom sediment 
where the more thickly silicified genera such as Coscinodiscus and Tha- 
lassiosira dominate.
Dissolution of diatom frustules can occur throughout the water 
column, before burial in the bottom sediments, and after burial within 
the sediments (Siever, 1957; Fanning and Schink, 19&9; Hurd, 1972, 1973) 
Most natural waters are highly undersaturated with respect to dissolved 
silica in the form of silicic acid, and thus the tendency is for mineral 
ized skeletons of opaline silica to go into solution.
Berger (1970) has emphasized that areas of high productivity in 
the oceans, which are identified by high phosphate concentrations in 
the upper waters, are also characterized by the presence of diatoms 
and/or radiolaria in the bottom sediment. He noted that biogenous 
sedimentation is a result of supply and dissolution and that a well- 
mixed ocean is characterized by high plankton productivity and a supply 
of biogenic solids to the ocean floor. Schrader (1970) also noted a 
relationship between high productivity in the surface waters and 
abundant siliceous microorganisms in bottom sediments. Johnson (197^) 
formulated a dissolution index for siliceous microfossils in order to 
objectively assess the preservation of forms in the bottom sediment.
The application of this dissolution index to siliceous microfossil
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preservation in surface sediments in the eastern tropical Pacific 
Ocean revealed that the best preservation reflected surface water 
productivity.
Raymont (1963) has described the tropical Atlantic Ocean, which 
is the major source of water entering the Gulf, as having low nutrient 
concentrations and poor mixing characteristics. This is presumably 
why production in the open Gulf of Mexico is generally poor and dis­
solution of siliceous remains is to be expected.
numerous factors affect the rate of dissolution of the frustule, 
and often these are species-specific. Of primary importance is the 
thickness or degree of silicification of the frustule. Jorgensen 
(1955a) and Lewin (1962, 1963) have discussed the effect of silica 
content (per cent weight of frustule) on the dissolution of diatom 
frustules. It is evident from studies of diatoms in the water column 
and bottom sediment that the more weakly silicified frustules dissolve 
much more readily. Likewise, Moore (1969) has emphasized that the 
degree of silicification in tropical radiolarian skeletons is signifi- 
cent for preservation. Kamatani (1971) noted that the rate of dissolu­
tion of biogenic opal varies considerably among diatom species.
Exposed surface area, which is determined by the morphology of 
the frustule, is important in affecting the rate of dissolution of 
diatoms. Although no detailed research has been applied to this 
specific factor, Hurd (1972) emphasized that it is the exposed surface 
area rather than the simple surface to volume ratio that is of 
primary importance in determining the dissolution characteristics of 
diatom frustules below 100 meters depth of water.
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The presence of organic or inorganic coatings covering the 
opaline silica tends to function as a dissolution inhibitor. Cooper 
(1952), while trying to explain dissolved silica values in the eastern 
North Atlantic Ocean, postulated that the surfaces of siliceous skeletons 
may be protected against dissolution by some sort of "organic skin".
Her (1955) has also proposed that "organic complexes" absorbed on the 
surface of the silica may prevent dissolution. Lewin (1962), working 
with laboratory cultures, noted that the rate of dissolution greatly 
increased with treatments that killed the cells. She concluded that 
the silica on the walls of the living cells is projected by some physio- 
chemical system, which is disrupted as soon as the diatom dies. Kaman- 
tani (1971), also working with laboratory cultures, similarly noted that 
some kind of "organic matter" on the frustule retards dissolution. 
Presently, there is a lack of specific information on the exact nature 
of an "organic skin" on the diatom frustules, and more detailed 
studies as those of Reimann, et al. (1968) are needed to accurately 
document and describe the presence and nature of any secreted or 
absorbed organic coating on the frustule.
Another viewpoint is that magnesium, iron and aluminum or other 
polyvalent cations may produce a coating of insoluble silicates on the 
diatom frustule and protect it from dissolution (iler, 1955)* Harvey 
(1937) observed the adsorption of ferric hydroxide on diatom surfaces; 
and Lewin (1961) reported that certain metal ions under specific con­
ditions may combine with the silica of the frustule.
Another factor altering the dissolution behavior of the opaline 
silica frustules is the exact chemical and physical composition of 
the silica. Kamatani (1971) noted that the dissolution properties
2 6
of sponge spicules differ from those of diatoms. He used infrared 
spectrophotometry on diatom and sponge remains and reported that the 
results suggested the rate of dissolution is affected by the internal 
structure of the opaline silica. The skeletons had a metastable 
character and after burial they underwent an "inner metamorphism" and 
dehydrated to a more dense, non-porous phase he called pseudo-opaline 
silica. Cooper (1952) proposed that as diatomaceous earth ages, part 
of the sub-colloidal silica becomes transformed internally to a micro­
crystalline structure. Schrader (1973a) recognized frustules that had 
been recrystallized by the development of a "quartzitic structure." Goll 
and Bjorklund (197*0 reported a discontinuous band of "high-index" 
opal extending across the South Atlantic Ocean and proposed this was 
not due to sediment type, diagenesis or biological factors, but to the 
physical or chemical properties of the water in which the organisms 
lived.
Since the diatoms constitute an important part of the base of the 
food chain in the oceans, grazing by zooplankton is an important 
factor affecting the dissolution of frustules. Hart (I9*t2) examined 
the stomach contents of zooplankton living in portions of the Southern 
Oceans and found heavily silicified identifiable diatom species simi­
lar to those observed in the bottom sediment. Schrader (1971a) 
noted morphological changes in diatom frustules as a result of dissolu­
tion with depth . He concluded that the transport of diatom, frustules 
within fecal membranes potentially enriches the sediment with species 
that are preferentially eaten by certain herbivores and whose frustules 
escape destruction. Also, Schrader (1972) made a detailed study of 
dissolution of diatom frustules and incorporation in fecal pellets in
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the Baltic Sea. He determined that as soon as the fecal pellet membrane 
is destroyed, dissolution occurs. Thus, the primary importance of depo­
sition in fecal pellets is that the diatom frustule is surrounded by 
an organic matrix to protect it from dissolution and, because of the large 
size and density of the pellet, greater settling velocities occur.
Benthonic organisms may affect the presence and preservation of dia­
toms in the surficial bottom sediment soon after deposition. Numerous 
organisms burrow and forage in the surface sediment and cause redistri­
bution and reorientation of the material. Hanor and Marshall (1971) 
constructed models to estimate the effect of bioturbation in surficial 
sediments. Hurd (1972) noted that bioturbation served two purposes; 
firstly, the organic content and nutrient level of the sediment is re­
duced after passing through the gut of an organism; and, secondly, 
some sediment is resuspended in the water directly above the sea floor 
potentially allowing more dissolution of the diatom frustules.
Schrader (1973) studied the diatoms from northeast Pacific Ocean 
cores and used the valves of Coscinodiscus marginatus as an index to 
the degree of diatom dissolution. In some samples the valves of £. 
marginatus had been broken into pieces which Schrader explained by 
bioturbation. The diatom taxa from burrow fillings differ from those 
of surrounding normal pelagic sediments. This is attributed to dissolu­
tion differences due to greater compaction and smaller grain size inside 
the burrow, resulting in lower percolation of dissolving fluids.
Krauskopf (1959) reviewed the factors affecting dissolution of 
amorphous silica in terms of a physio-chemical system. Amorphous silica 
has a solubility determined by the equilibrium between rates of dissolu­
tion and precipitation. In general, the equilibrium solubility is
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increased by a rise in temperature and/or rise in pH. Hurd (1972) 
determined that the rate of dissolution of biogenic opal in natural 
waters that are less than 500 to 600 meters, where changes in both 
temperature and dissolved silica concentration are small, is a 
function of the surface area to volume ratio of the frustule, and 
the presence of any protective coating on the silica.
Jorgensen (1955b) investigating the solubility of diatoms in 
culture determined the rate of solubility to be a function of the 
pH solution. Little change in solubility takes place in solutions 
having a pH of less than 9> but substantially increases in solutions 
having a pH greater than 9 (Krauskopf, 1959)- Although most 
marine waters range in pH between 7 and 8, pH may be significant in 
diatom solubility in post-depositional reactions including processes 
of lithification.
The effects of pressure on the solubility of silica is poorly 
understood and more detailed work is needed to relate this factor to 
the dissolution of diatom frustules.
Riedel (1959) suggested that the longer an individual frustule 
could be exposed to the highly unsaturated waters of the marine environ­
ment, the more time available for dissolution. Thus poor preservation 
or lack of diatoms and other siliceous microfossils from bottom sedi­
ment may be a result of low sedimentation rates. Sedimentation rates, 
both biogenic and inorganic, should be separated from other related 
effects, such as productivity, to ascertain its exact function in the 
preservation of siliceous remains. Johnson (197*0 could not find any 
correlation between the preservation of siliceous organisms and sedi­
mentation rate. As is clear from the recent investigation of J.O.I.D.E.S.
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Deep Sea Drilling Project, the sedimentation rates of the inorganic 
components in the marine environment as well as the non-siliceous 
biogenic component functions to dilute the siliceous component in the 
bottom sediment.
Post-aepositional modification of the diatom assemblage in the 
bottom sediment
The highly productive regions of the oceans are restricted mainly 
to latitudinal zones as a result of upwelling of nutrient-rich waters 
and also are areas of maximum biogenic opal sedimentation. Hence, the 
global belts of abundant opaline sediments indirectly reflect atmos­
pheric and oceanographic circulation. The accumulation and preserva­
tion of diatom frustules in the bottom sediment in these fertile regions 
are attributed to an absence of a critical compensation depth for 
opaline silica preservation and to the resistance of the more strongly 
silicified species to dissolution within the water column (Ramsay, 1973). 
After deposition, turbidity currents and bottom currents may modify 
the spatial distribution of diatoms and other biogenic components within 
the sediment. Johnson (197*0 concluded that hydraulic sorting by bot­
tom currents in the tropical Pacific Ocean could account for varying 
states of preservation of siliceous organisms in the bottom sediment. 
Moore, et al. (1973), determined that the dissolution of biogenic opal 
in the Panama Basin is controlled by winnowing and lateral transport due 
to bottom currents. Bioturbation and reworking from fossil deposits 
also modifies the vertical distribution of the diatom assemblage and 
thus the recognition of its time of deposition. Recent information 
concerning the effect of these sources of variation on diatoms in recent 
sediment and through deep sea cores is given in the Initial Reports
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of the J.O.I.D.E.S. Deep Sea Drilling Project.
Dissolution of the biogenic opal of diatom frustules also may 
occur within the sediment. Schrader (1971b) has shown that the pre­
sence of a lysocline for silica exists within the sediments off the 
coast of Portugal. This is because the interstitial waters in the 
sediment are trying to attain equilibrium with dissolved silica. In 
the area Schrader studied, the fresh supply of amorphous silica by 
diatoms and radiolaria is just sufficient to compensate for the dissolu­
tion process in the sediment. Consequently, the abundance of diatoms 
drops off significantly through the upper layer of sediments.
Siever, Beck and Berner (19&5) noted that the interstitial waters 
of sediment are consistently enriched in silica due to the dissolu­
tion of diatoms. The similarity of silica concentration in pore waters of 
geologically young and old sediment implies that the dissolution process 
occurs very quickly and changes very little afterwards. This was sup­
ported by Heath and Dymond (1973) who summarized information on dissolved 
silica in pore waters and concluded that within single cores, no consis­
tent trends could be distinguished.
The formation of highly siliceous sediments is related directly 
to productivity and inversely related to the factors favoring dissolu­
tion and non-siliceous sedimentation rates. Taliaferro (1933) related 
the formation of highly siliceous sediments to the processes of volcan- 
ism, and in particular, volcanic ash increasing the supply of silica. 
Calvert (196U) related the abundance of highly diatomaceous sediment 
in the Gulf of California to the depth of the oxygen minimum layer in 
the water column and low terrigenous sedimentation during the summer.
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Tappan and Loeblich (1970) noted the relationships of siliceous sedi­
ment deposition to the amount of carbon dioxide dissolved in the water 
and its effect on the pH of the water. The pH becomes more acid due 
to the abundance of organic carbon and high amounts of carbon dioxide 
in the water column and sediments of biologically highly productive 
regions. According to Tappan and Loeblich (1970), this results in a 
decrease in the solubility of opaline silica and enhances the preserva­
tion in the sediment-water interface.
Variation due to analytical techniques^
Harper (197*0 and Pierce (1975) have discussed some of the sources 
of variation which may be introduced during the collection and tabula­
tion of data in phytoplankton studies. Christopher (1971) and Darrell 
(1973) discussed analytical variability involved with palynological 
data which are basically similar to phytoplankton data.
Variation that may be introduced by analytical techniques 
includes all effects from the time the sample is taken to the time of 
completion of the investigation. Andrews (1970) discussed some 
analytical problems that can occur when working with diatoms. He 
grouped the problems into three categories: heterogeneity of sedi­
ments, including various environmental factors; bias of the investi­
gator, including sampling and processing techniques; and the problems 
of applying quantitative techniques to the data.
All the samples herein were treated similarly during processing,
slide preparation and data collection. Using the standard processing
techniques developed by the Palynology Laboratory of the Department of
Geology, it is believed that contamination was avoided and the results 
are statistically sound.
CHAPTER 2
GENERAL FRAMEWORK OF THE GULF OF MEXICO
General description
The Gulf of Mexico is a relatively shallow semi-enclosed oceanic 
basin with a maximum depth of approximately 3700 meters. Its general 
bathymetry and topography are given as text-figure 3. On the basis 
of relief, sediments and depth of water, the Gulf of Mexico basin was 
divided by Pierce (1975) into the following physiographic features: 
the Continental Shelf, Continental Slope, Continental Rise, Abyssal 
Plain, and unique to the Gulf, the Mississippi Cone. Cutting through 
the Continental Slope provinces are three well-known canyons, the 
DeSoto Canyon, Alaminos Canyon and Campeche Canyon. Three escarpments, 
the Florida, Sigsbee and Campeche Escarpments, sharply define the deep 
Gulf basin. Other distinctive features of the Gulf Basin are the Cato- 
che Tongue, Straits of Florida and the Mississippi Trough.
General geologic history
The Gulf of Mexico basin is a small sharply defined oceanic basin, 
and according to geophysical studies is founded upon oceanic crust 
(Ewing, et_ a]^ ., 1962). The Gulf basin had a complex history with 
unusually thick clastic sequences, complex carbonate reef sequences, 
widespread salt structures, and faults (Murray, 1961; Uchupi, 1967).
The earliest sediments are of Late Triassic tc mid-Jurassic age, 
represented by a widespread, thick anhydrite, gypsum and salt sequence 
called the Louann Salt. This saline sequence is thought to be respon­
sible for some of the tectonic complications, such as the fold belt 
and diapiric salt intrusions in the western part of the Gulf basin
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Text-figure 3. General bathymetry and topography of the Gulf of Mexico (from Uchupi, 1967)
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(Emery and Uchupi, 1972). These deposits and other cyclic carbonate 
evaporitic deposits suggest a closed basin existed during the late 
Triassic to early Cretaceous periods (El-Sayed, et al., 1972). 
Reef-carbonate accretion, forming steep scarps off of Florida and 
Yucatan, flourished from the early Cretaceous through the mid-Cretaceous 
period suggesting more open water conditions. The post mid-Cretaceous 
sea gradually transgressed across the northern Gulf of Mexico, and 
open shelf deposition characterized the rest of the Cretaceous period 
(Emery and Uchupi, 1972).
The predominantly shallow water, regressive sediment deposited 
during the Cenozoic Era in the Gulf basin define a large coastal 
geosyncline (Murray, 1961). Emery and Uchupi (1972) have neatly 
summarized the Late Cenozoic history of the Gulf of Mexico basin 
by the following sequence of events.
1. During the Pliocene Epoch, much of North America was up­
lifted and the Gulf of Mexico possibly restricted to the 
present deep Gulf basin.
2. Transgressions and regressions during the Pleistocene 
Epoch, related to the thickness and extent of the cryo- 
sphere, caused deltaic sequences to be deposited on the 
outer shelf. The Mississippi Cone was emplaced and sedi­
ment transported by turbidity currents eroded the continen­
tal slope' and built up the continental rise.
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3. About 15*000 years ago sea level began to rise slowly from a 
low of 120 to 1^0 meters to its present position.
Sediment in the deep Gulf basin
In general, the surficial bottom sediments in the Gulf of Mexico 
basin, beyond the continental shelf, are silty clays (text-figure U).
Two distinct sedimentological provinces can be defined and are 
separated approximately by a line extending northeastward from the 
Campeche Canyon to the DeSoto Canyon. The predominantly terrigenous 
province lying northwestward of this line is dominated by sediments 
of fluvial origin from the continental land mass. The non-terrigenous 
carbonate province, lying southeastward of the line, includes the 
Florida and Campeche platforms.
The upper 10 meters of sediment of the continental slope, con­
tinental rise, abyssal plain and Mississippi Cone throughout the Gulf is 
capped with a 20 to 50 centimeter layer of Globigerina ooze of Holocene 
age (Davies, 1972).
In the Gulf of Mexico basin there are five major sediment sources 
(Emery and Uchupi, 1972). These are local rivers, pelagic organisms, 
local carbonate platforms, rivers outside the Gulf, and wind-borne 
sediment. Terrigenous sediment derived from local rivers may be deter­
mined by analyzing heavy mineral assemblages. Davies and Moore (1970) 
defined five major local fluvial sources that contribute to the deep 
Gulf basin. These are the Apalachicola River, central Texas rivers, 
the Mississippi River, the Rio Grande River and rivers of northeast 
Mexico. The sediment from the Apalachicola River and the central Texas 
rivers lose their fluvial characteristics basinward respectively because
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Text-figure 1+. General sediment distribution in the Gulf of Mexico basin (redrawn 
from Emery and Uchupi, 1972). uo
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of mixing with other inputs, and ponding due to irregular "bottom topo­
graphy. The Mississippi River, Rio Grande River and the rivers of 
northeast Mexico contribute sand and silt to the continental shelf all 
the way out to the abyssal plain. Text-figure 5 illustrates the dis­
tribution of heavy mineral provinces of the Gulf of Mexico as given by 
Davies (1972). The Mississippi River contribution encompasses approxi­
mately UO percent of the area of the Gulf basin, and the northeast 
Mexico rivers contribution is over 20 percent of the area of the Gulf 
basin.
The contribution to the sediment from river sources outside the 
Gulf of Mexico is poorly known, although Jacobs and Ewing (1969) have 
shown that quartz, mica, illite, chlorite and kaolinite from the Amazon 
River enters and partly transects the Gulf of Mexico with little dilu­
tion from the Mississippi River.
A major non-terrigenous source originating on the Campeche shelf 
supplies carbonate sediment to the abyssal plain (Davies, 1968), These 
shallow water carbonates occur most commonly as layers of variable 
thickness. There is no evidence that the Florida platform contributes 
significant amounts of carbonate sediment to the deeper Gulf basin.
The contribution of pelagic organisms from the overlying surface 
waters is in the form of skeletal debris from dead phytoplankton and 
zooplankton. Foraminifera and coccolithophorids are the predominant 
calcareous forms, while radiolaria and diatoms are the predominant 
siliceous forms. A more detailed discussion of this contribution is 
given in a later section.
The mechanisms of sedimentation can be understood by studying 
sedimentary structures, textures and composition of sediment and from
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Text-figure 5- Distribution of heavy mineral provinces in the Gulf of Mexico 
(from Davies, 1972).
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studying vertical associations observed in cores. The mechanisms 
producing sedimentation in the deep Gulf of Mexico basin during the 
Quarternary period include differential pelagic settling, turbidity 
currents, bottom currents and less commonly, slump and creep.
Differential pelagic settling mainly involves the deposition 
of clay and fine silt including phytoplankton skeletons. The operation 
of this mechanism can be deduced in non-bioturbated sequences by the 
presence of parallel laminations. Most holoplahktonic diatoms and sili- 
coflagellates skeletons reach the bottom sediment by this mechanism.
The transportation of terrigenous and non-terrigenous silts and 
sands into and across the deep Gulf basin is accomplished mainly by 
turbidity currents (Davies, 1968, 19?2). The most significant source 
of abyssal turbidites in the Gulf of Mexico basin are the Mississippi 
River and the Campeche Shelf. Included within the typical terrigenous 
shallow water sediments are bethonic, brackish and marine neritic 
diatoms.
The influence of bottom currents is found only in beds less than 
five centimenters thick. Sedimentary features such as concentration 
of organic tests in well-sorted sediment indicate winnowing; the 
development of micro-cross-laminations suggest rippling; burrowing 
through the bed suggests a slow rate of sediment deposition; and, 
variable vertical sequences of grain size indicate a variability of 
current flow. These all suggest bottom current activity (Davies, 1972). 
Observation of these features in the Gulf of Mexico basin sediment in­
dicate bottom currents are sporadic and localized.
The mass movement of sediment, including slumping and creep, 
are restricted to small areas such as the Mississippi Cone (Huang and
l+o
Goodell, 1970), although slumping may be a pre-cursor of a turbidity 
current (Bouma, 1968).
The affect of many of the mechanisms outlined here is to redis­
tribute and to alter the recent thanatocoenosis.
Hydrologic setting of the Gulf of Mexico
Almost all input of water to the Gulf of Mexico enters through 
the Yucatan Straits by way of the Caribbean Sea. This water originates 
from the central Atlantic Ocean and is predominantly an admixture of 
South Atlantic Central Water transported by the Guiana and Equatorial 
Currents, and North Atlantic Water from the Sargasso Sea (Fairbridge, 
1963). An estimated 20 million cubic meters of water per second enters 
from the Caribbean (Gordon, 1967), compared to 0.025 million cubic 
meters per second from the North American Continent (Wil.son and Iseri,
1969).
Gulf of Mexico water masses and circulation patterns are controlled 
largely by submarine topography. Water entering from the Caribbean Sea 
through the Yucatan Channel passes across a sill with water depths 
between 1500 and 1900 meters (Schroder, et al:., 197*+). Wust,
(1963) noted that deep water inflow into the Gulf basin occurs spora­
dically. The Gulf basin below 1000 to 1200 meters is filled with a 
well-mixed static water mass of relatively low salinity (Grose, 1966).
This deep water has a temperature of approximately 5°C and a salinity 
of 35°/00.
There are at least three dynamic water masses occuring from sea 
level to a depth of approximately 1000 meters in the Gulf of Mexico 
(text-figure 6). At depths between approximately 500 to 1000meters
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-Text-figure 6. The distribution and direction of water masses in the Gulf of 
Mexico (from Huang and Goodell, 1970).
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Antarctic Intermediate Water enters sporadically through the Yucatan 
Channel. This water flows northward under the Loop current before 
swinging westward and mixing with the rest of the Gulf water. The 
core of the Subantarctic Intermediate Water is at 500 meters and is 
characterized by minimum salinities of approximately 3U-35°/00 and a 
temperature of 6°C.
The second dynamic water mass is the Subtropical Underwater. It
ranges vertically from sea level to depths of 200 meters. This water
mass is responsible for the primary circulation features of the eastern
Gulf. The Subtropical Underwater has its core at approximately 100
meters and is characterized by a salinity maximum (36 to 36.75°/00) and
o
a relatively high temperature of 2k to 26 C.
The third dynamic water mass is the general surface water. This 
mass extends vertically from sea level to a depth of 50 meters. The 
surface circulation is locally controlled by winds, solar radiation, 
river discharge and precipitation. Core water of this mass is charac­
terized by intermediate salinities of 35 to 36°/00» maximum temperatures 
of 28 to 29°C, and a high oxygen content.
Schroeder et al. (197*0 described three water masses based on 
temperature-salinity relations. The Static Deep Water System was de­
fined by a uniform temperature-salinity curve for temperatures below 
l6°C. They identified Caribbean water by a salinity maximum greater 
than 36.7°/00 at the core of the Subtropical Underwater. Their third 
water mass, called "Gulf Water" was identified by reduced salinity
maxima (generally 36.U°/oo to 36.5°/00) due to vertical mixing of 
Gulf and Caribbean Water.
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Bogdanov et aJ^ . (1967) have summarized the vertical water move­
ments throughout the Gulf of Mexico. Text-figure 7 shows the upwelling 
and downwelling regions in the Gulf of Mexico. More work is needed to 
precisely define the boundaries and effects of these various regions.
Primary circulation in the Gulf of Mexico is determined by the 
Subtropical Underwater derived from the Caribbean Sea. It forms a 
clockwise Loop Current flowing from the Yucatan Channel to the Florida 
Straits (text-figure 8). As the current approaches the mouth of the 
Mississippi River it bends to the right to form a clockwise gyre. This 
loop then connects to the Florida shelf by the extension of two or 
more small smaller counter-clockwise gyres. (Nowlin, 1971)- This Loop 
Current controls the basic circulation pattern in the western Gulf. A 
poorly developed clockwise gyre is initiated by the loop in the south­
west Gulf and a counter-clockwise gyre . in the northwest Gulf. In 
general, there are no strong semipermanant currents in the western 
Gulf.
Surface currents are important in the Gulf because they affect 
salinity and temperature distribution through the basin. The average 
surface salinity is approximately 36.25°/oo although much lower salini­
ties of 32 to 35°/ occur over the northwestern and northern portions
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of the Gulf, reflecting the freshwater input from rivers. Text-figures 
9 and 10 illustrate the summer and winter surface water salinities 
throughout the Gulf of Mexico.
The surface water temperature during the month of February ranges 
from 15 to 25°C, while in August, the temperature range is more uniform 
at 29 to 30°C. Text-figures 11 and 12 illustrate the summer and winter 
surface water temperatures throughout the Gulf of Mexico.
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Physiographic provinces
One of the original intents of studying the phytoplankton of the 
Gulf of Mexico basin was to determine whether the abundance and/or 
presence or absence of diatoms was related to physiographic provinces. 
After reviewing the literature and consulting with specialists (J. P. 
Morgan and J. Coleman of Louisiana State University) the Gulf of Mexico 
basin was divided into four major physiographic regions, based on 
bathymetry and geomorphology. Each region was sub-divided into pro­
vinces, primarily in accordance with its geographic position in the 
basin (text-figure 13). This subdivision of the Gulf of Mexico basin 
closely follows the physiographic divisions established by Bergantino 
(1971) and is illustrated as text-figure lU. It is not possible to 
separate these regions using any single criterion other than their 
location on the map. However, the following discussion briefly sum­
marizes pertinent information on each region and province.
Continental Slope Region
This region is the most heterogenous in the Gulf basin. It 
includes relatively steeply sloping areas with gradients usually 
greater than 1:^0 extending from the shelf edge to the upper limit 
of the Continental Rise (if present). In this study, the upper margin 
of the Continental Slope and hence the defined deep basin is the 200 
meter isobath. The unifying characteristic of the Continental Slope 
region in the Gulf basin is its steep and irregular topography. Ex- • 
tremely steep portions of the slope giving escarpments, define the 
base of the slope region in the West Florida, Campeche and Texas-Louisiana 
provinces. The base of the Continental Slope is in contact with an
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adjacent Continental Rise or locally with an Abyssal Plain and is a 
poorly marked boundary. The boundary is generally a transitional one 
with a median depth in the Gulf of Mexico of 2800 meters (Uchupi and 
Emery, 1968).
The Continental Slope usually has gradients of three to six 
degrees, although areas of the West Florida Slope slope less than one 
degree, and areas along the Florida and Campeche escarpments have slopes 
exceeding fifteen degrees.
West Florida Slope Province
The West Florida Slope as defined here includes Bergantino's 
(19T1) West Florida Terrace, West Florida Slope and escarpment, the 
DeSoto Slope and a portion of the South Florida Slope. This area is 
defined by a gentle upper continental slope and a steep escarpment 
bordering on the East Gulf Abyssal Plain with no intervening Continental 
Rise. The Continental Slope to the northwest of the DeSoto Canyon 
is essentially unmodified. Following Pierce (PhD Diss., LSU, 1975), 
the southern border for the West Florida Slope is the Straits of Florida 
at 2l*°N latitude and 8^°W longitude. The western boundary is delineated 
by an abrupt change in slope gradient at the 3000 meter contour line, 
while the northern boundary of this province is defined as the axis 
of the DeSoto Canyon.
Texas-Louisiana Slope Province
This province is bounded on the east by the 90°W longitude line 
and on the south by the Sigsbee Scarp at a depth of 3000 meters. The 
western border is defined by the edge of the Texas Continental Shelf 
at a depth of 200 meters.
5b
The topography of the Continental Slope west of the Mississippi 
delta is characterized by fairly large (3 to 8 miles diameter, 1200 
to 1800 feet relief) round hillocks and corresponding depressions.
The gross morphology of this province is step-like with steep upper 
and lower slopes and a gently sloping plateau between. The lower slope, 
or Sigsbee Escarpment, separates the irregular Continental Slope from 
the relatively smooth Continental Rise. Two major valleys cut through 
the Continental Slope in this province. At the eastern border is the 
Mississippi Trough, a remnant of the Pleistocene course of the Missis­
sippi River. At the southwestern border is the Alaminos Canyon, wind­
ing among diapirs and sediment-filled depressions (Bouma, Bryant and 
Antoine, 1968).
East Mexico Slope Province
The East Mexico Slope includes Bergantino's (1971) Mexican Slope, 
Mexican Ridges and Tobasco-Campeche Knolls Provinces. The East Mexico 
Slope is bounded on the east by a decrease in gradient. This occurs 
at a depth of 3000 meters along a line parallel with 95°W longitude.
.The southern boundary is the edge of the Mexican Shelf at 200 meters 
water depth, and continues eastward to the edge of the Campeche Escarp­
ment at 92°30'W longitude. The western boundary is the edge of the 
Continental Shelf and the northern boundary is along the axis of the 
Alaminos Canyon thus trending northwestwardly from 26°W latitude line 
adjacent to the Texas-Louisiana Slope. The topography of the East 
Mexico Slope known from seismic profiles is dominated by a series of 
diapiric ridges 5 to 15 kilometers from crest to crest with some 500 
meters of relief roughly parallel to the continental shelf (Uchupi and 
Emery, 1968).
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Campeche Slope Province
The Campeche Slope is hounded on the east by the Campeche Canyon 
which lies along a break in slope at the 3*000 meter isopleth. At the 
southern edge is the Campeche Shelf beginning at 200 meters depth of 
water. The western boundary is the edge of the Campeche Escarpment 
beginning at 92°30'W longitude, and the northern boundary is the 
Campeche Escarpment at the 3,000 meter water depth.
The Campeche Slope includes the East Carpcchc Slope and the Cam­
peche Escarpment of Bergantino (1971). The Campeche area is very simi­
lar to the West Florida area, both areas containing a broad continental 
shelf and a steep escarpment separating a greatly sloping upper continen­
tal slope and a local abyssal plain. The Campeche Escarpment is Jagged 
in outline and probably is an exposed remnant of an early Cretaceous 
reef. The most pronounced indentation is the Catochc Tongue.
Continental Rise Region
Continental rises are found only in the western portion of the 
Gulf basin. They are considered a single physiographic unit, called 
the Sigsbee Rise by Uchupi and Emery (1972), and the Western Gulf 
Rise by Bergantino (1971). However, following Pierce (1975), the 
Continental Rise Region is divided into the North, West and South 
Provinces based on geographic position. The continental rises are more 
shallow and narrow than their Atlantic counterparts. They are huge
prisms of sediment onlapping the Continental Slope. In the Gulf of 
Mexico, the top of the Continental Rise is at a depth of approximately
3,000 meters.
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Northern Rise Province
The Northern Rise is bounded on the east by the Mississippi Cone, 
at approximately 90°30'W longitude; and the south by a change in slope 
at the 3,500 meter isopleth adjacent to the Sigsbee Plain; and the west 
by an arbitrarily placed line approximately parallel to the 25°N lati­
tude line and adjacent to the East Mexico Slope; and on the north at 
the base of the Sigsbee Escarpment at approximately 3,000 meters depth 
of water.
Western Rise Province
The Western Rise is bounded on the east by the Sigsbee Plain 
commencing at 3,500 meters and running approximately parallel to 95°W 
longitude; the southern boundary arbitrarily placed approximately 
parallel to the 22°N latitude line; the western boundary at the 3,000 
meter contour line adjacent to the East Mexico Slope; and the northern 
boundary to the North Rise at about 25°N latitude.
Southern Rise Province
The Southern Rise pinches out to the east against the Campeche 
Escarpment at 90°W longitude. The southern boundary of the province 
is adjacent to the Campeche Escarpment and the East Mexico Slope, at
3,000 meters arid3,500 meters. The western boundary is parallel to 
95°W longitude adjacent to the East Mexico Slope; the northern boundary 
is the Western Rise at approximately 22°N latitude.
Abyssal Plain Region
An abyssal plain is a flat, almost level area occupying the 
deepest portion of many ocean basins. Following Pierce (1975), two
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provinces are defined in the Gulf of Mexico.
Sigsbee Abyssal Plain Province
The Sigsbee Abyssal Plain is the deep western basin of the Gulf of 
Mexico. It has an area of approximately 30,000 square miles and a slope 
of 1:80000. The only observable topographic features are the Sigsbee 
Knolls, with relief up to 900 feet and diameters up to five miles. 
Drilling by the Glomar Challenger on Leg I of the Deep Sea Drilling 
Project showed the knolls to be salt diapirs. The Sigsbee Plain is 
bounded by the Northern, Western and Southern Continental Rises and to 
the east by the East Gulf Plain Province.
East Gulf Plain Province
The East Gulf Plain is north-northeast of the Campeche Slope, 
and south of the edge of the Mississippi Core at approximately 3,000 
meters depth of water. The eastern boundary is the base of the West 
Florida Slope.
Mississippi Cone Region
The region described here as the Mississippi Cone includes 
Bergantino's Upper Mississippi Fan, the DeSoto Slope and a portion of 
his Lower Mississippi fan.
Upper Mississippi Cone Province
The Upper Mississippi Cone is bounded on the east by the DeSoto 
Canyon and the edge of the West Florida Slope; on the south by the 
break of slope at the 3,000 meter isopleth; on the west by the Texas- 
Louisiana Slope; and on the north by the 200 meter isopleth of the 
shelf edge.
Lover Mississippi Cone Province
The Lower Mississippi Cone is a narrow band of sediment bounded 
to the east by the West Florida Slope; the south by the change in slope 
at the 3,200 meter isopleth; the west by the Texas-Louisiana Slope; 
and the north by the 3,000 meter isopleth adjacent to the southern 
edge of the Upper Mississippi Cone.
CHAPTER 3 
METHODOLOGY
Samples of Gulf of Mexico bottom sediments used in this study 
were obtained from the core repository of Lamont-Doherty Geological 
Observatory and the collection of cores housed in the Louisiana State 
University Geoscience Museum. Core samples were taken from the follow­
ing cruises: Vema 3, Vema 17, Atlantis 185, R. D. Conrad 10 and Kane.
Phleger cores and trigger-weight cores were preferred over piston cores 
because the former cores displace less surface sediment and therefore 
give the more representative sample of the recent surficial bottom 
sediments. The number of samples used in the study (70) was determined 
by the sample quality, availability and the time involved in analyti­
cal procedures. The seventy samples were randomly selected from a 
larger number of samples available. The sample locations, cruise 
number, water depths and physiographic provinces of each core is listed 
in Appendix A. A map showing the location of the sample sites and 
their numerical designation is presented as text-figure 15- 
Sampling design
The Gulf basin was divided into four major physiographic regions
(see chapter 2), each of which was divided into provinces. In order to 
investigate the relationship between siliceous phytoplankton distribu­
tion and physiographic provinces throughout the surficial bottom sedi­
ments of the deep Gulf of Mexico, a statistically based sampling plan 
was formulated. Statistical procedures were used to test the hypothe­
ses that differences in the relative frequency, mean preservation or 
mean size do not exist among regions, or provinces within regions, 
over the Gulf of Mexico. Optimum allocation of the samples within each
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Text-figure 15. Sample number and location used in this study.
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province was made using planimetric measurements. The resulting samp­
ling density was approximately one sample per 13,250 square kilometers.
Sample preparation
The siliceous phytoplankton were recovered from the sediment 
core samples by the extraction technique outlined in Table II. After 
sample processing, light microscope slides were prepared following the 
technique outlined in Table III. Ten slides were prepared for each 
sample. Five of these were selected randomly for microscopic examina­
tion. Those samples with abundant diatom remains were studied with a 
scanning electron microscope by placing one drop of processed sample 
onto a standard 3/8" diameter slide. The material was vapor coated 
with approximately 250 to 300 angstroms of gold-palladium, prior to 
examination in the SEM.
Data collection
In order to evaluate the relative abundance of diatoms, silico- 
flagellates, radiolaria, sponge spicules, phytoliths and pyrrophyte 
siliceous endoskeletons in the Gulf of Mexico bottom sediments, five 
random scans were made across each of two slides and counts of each 
group accumulated. An objective ordinal relative abundance scale of 
seven categories from absent (l) to predominant (7) was used. Details 
of the counting procedure and construction of the ordinal scale are 
given in Appendix D. During the data collection phase, the presence or 
absence of diatom resting spores, chrysophyte cysts and spore and pol­
len grains were noted for each sample.
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TABLE I I
PROCESSING PROCEDURE FOR SILICEOUS PHYTOPLANKTON ANALYSIS
1. Place 5-10 gram sample in a labelled polyethelene vial; freeze- 
dry samples; homogenize by shaking.
2. Place approximately one gram of sample in a washed and labelled 
250 ml. beaker and wash sample with distilled water.
3. Add approximately 10 ml. of 30% hydrogen peroxide solution; heat 
to boil; allow reaction to continue to completion.
4. Fill beaker with dilute calgon solution (sodium hexametaphosphate); 
ultrason for 10 sec.; allow residue to settle (12 hours).
5. Decant, filtering supernate through a no. 541 filter paper; wash 
any residue from filter paper back into beaker.
6. Add approximately 20 ml. dilute HC1 (10-15% solution) to residue; 
heat to boil; allow reaction to continue to completion.
7. Fill beaker with dilute calgon solution; ultrason for 10 sec.; 
allow residue to settle.
8. Repeat steps 4 and 5 three times.
9. Transfer residue from the beaker to a properly washed and labelled 
centrifuge tube.
10. Fill the centrifuge tube with dilute calgon solution; ultrason for 
10 sec.; short centrifuge (1200 rpm for 2 minutes).
11. Carefully decant the supernate into a washed and labelled 500 ml. 
beaker (check residue to make sure no small diatoms present).
12. Repeat steps 10 and 11 ben times.
13. After the last decantation, transfer the residue to a properly 
washed and labelled storage vial.
14. The sample is ready for slide preparation.
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TABLE III
SLIDE PREPARATION FOR SILICEOUS PHYTOPLANKTON ANALYSIS
1. Add a magnetic stirrer to the sample vial and place on magnetic
hot plate, rotate stirrer to suspend all residue in vial.
2. Place a disposable pipette midway between vortex produced by 
stirring and the edge of sample vial approximately half way down 
into the sample solution and withdraw approximately three drops 
of processed material.
3. To a 12 mm. X 12 mm. No. 1 cover slip, add one drop of Clearcol 
Mounting Media and place the three drops of processed material 
on the cover slip; mix thoroughly and dry in a warm oven for 
twenty minutes.
4. Remove cover slips from oven, cool; add one drop of alcohol and
then one drop of Caedax (R.I. 1.55) to cover slip.
5. Place the cover slip on hot plate (temperature 250-300°F); when 
Caedax begins to smoke, adhere the cover slip to a warmed 3" X 1" 
glass slide.
6. Place slide right side up on the hot plate to spread Caedax entire­
ly between cover slip and slide; remove from hot plate and cool.
7. Completely label slide with the use of a diamond pencil.
6U
Counts of the relative frequency of diatoms and sili- 
coflagellates used a minimum of two and a maximum of five slides. These 
were examined with a binocular light microscope at UOOX maginification. 
If no diatoms were found on the first two slides, the sample was de­
clared barren. Because of the overall paucity of diatoms throughout 
the Gulf of Mexico bottom sediments, each slide was examined assuming 
that the entire slide was to be scanned and counting commenced at the 
top left hand corner of the slide when viewed under the microscope. 
Samples with abundant diatoms were studied until 150 specimens were 
counted per slide. Two slides were examined giving a total count of 
300 specimens. In samples with less abundant diatom remains, three 
to five slides were used to reach the total count of 300 diatoms per 
sample. Three hundred specimens were counted as the probability of 
including at least one individual from each species which comprises 
one or more percent of the population from a total frequency count of 
300 specimens is 95 percent. This probability statement is based on the 
assumption that the specimens encountered were randomly dispersed on a 
slide. Because individual diatom frustules consist of two nearly iden­
tical valves, each of which may be dispersed separately, a single valve 
was recorded as representing one frequency count; and, a whole diatom 
frustule as two counts. Broken specimens were considered in the frequen 
cy data only if at least have a valve was present. Thalassionema nitz- 
schoides, a long pennate, planktonic diatom easily broken into pieces, 
presented a counting problem. It is very difficult to determine if 
a piece represents more than half an individual. However, after
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examining numerous whole valves in the preliminary investigation, the 
rule was adopted that a broken valve was considered to represent a 
whole specimen if its length was greater than or equal to 75 microns. 
Ethmodiscus spp., Which is a large centric, planktonic diatom, was 
found predominantly as fragments in the bottom sediments. The frag­
ments usually represent an unknown proportion of the individual and 
were not recorded in the total count but noted as simply present or 
absent from each sample.
The diatom genera and species recovered during this study were 
organized into a hierarchy based essentially on morphological similari­
ties of taxa. The taxonomic hierarchy employed in this study follows 
that proposed by Lohman and presented by him at the L.S.U. Palynology 
Short Course (1971). It is outlined in Appendix B.
Frequency data for all taxonomic categories defined above the 
species level were obtained by summing the frequency of occurrence of 
each species comprising that taxonomic category.
In addition to the frequency counts, the state of preservation 
and the size of the diatom valves were noted. A subjective ordinal 
classification value of from 1 to 5 for the preservation was used to 
designate the state of preservation of each individual recorded in the 
frequency counts. This preservation classification scheme was based 
on the appearance of the valve in terms of the general thickness, 
the condition of the ultrastructure and the overall appearance of the 
valve. An explanation of the scale values is given in Appendix C. 
Examples of the kind of variation observed in preservation for a 
centric and pennate diatom aregiven in text-figures l6 and 17,respec­
tively.
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Text--figure l6. Scanning electron micrographs of Coscinodiscus noduli lor illustrating different states 
f preservation. Center: whole snecimen moderate alteration Tvalue--3) *, a.: slight alteration (value-1) 
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Text--figure 17. Scanning electron micrographs of Diploneis crabro illustrating different states of 
preservation, a: whole specimen, slight alteration (value-2)-, b: higher magnification of slight 
alteration (value-2); c: high magnification of severe alteration (value-U) (Jendrzejewski, 197M-
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A mean preservation value for each taxon from each sample was 
calculated. Appendix C lists the mean preservation value for the 10 
most abundant diatom taxa in the Gulf of Mexico bottom sediments. 
Preservation data for all taxonomic categories defined above the species 
level were obtained by averaging the mean preservation values for each 
species in the category.
The maximum size of each diatom considered in the frequency data 
was measured to the nearest micron with an eyepiece micrometer. The 
mean value for each taxon from each sample was calculated. Appendix C 
lists the average size of the ten most abundant diatom taxa in the Gulf 
of Mexico bottom sediments. Size data for genera were obtained by 
averaging the mean size value for each species in the genus. The size 
data were compared with known environmental and physiographic information 
of the Gulf of Mexico.
Statistical Analyses
Four statistical procedures were used to analyze the data: 
l) the Kruskal-Wallis test procedure; 2) the nested analysis of
O
variance procedure; 3) the maximum R regression procedure; and U) 
the Q-mode cluster analysis procedure. The experimental unit in the 
analyses was the sample. The frequency value, preservation value or 
the size value assigned to each taxon were the observations made on 
each of the experimental units.
Kruskal-Wallis One-Way Analysis by Ranks
The sampling arrangement used in this investigation made it 
possible to evaluate differences in relative abundance of diatoms, 
silicoflagellates, radiolaria, sponge spicules, phytoliths and
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pyrrophyte cysts among defined physiographic regions and among provin­
ces within regions. A counting procedure was established to evaluate 
these remains in relation to the remaining calcium carbonate-free 
detritus. An objective ordinal classification scheme was constructed 
and the relative abundance of the siliceous biogenic remains deter­
mined. For each sample, each siliceous group was given a relative 
abundance value. The values were ranked according to defined regions 
and provinces within regions and then analyzed by the Kruskal-Wallis 
One-Way Analysis by Ranks (Siegel, 1956). A description of the 
procedures and a listing of the results are given in Appendix D.
Nested Analysis of Variance
The sampling arrangement used in this investigation made it 
possible to evaluate differences in relative frequency, mean preserva­
tion and mean size for each diatom taxon among provinces within a 
particular region and among the four regions. The linear additive 
model which expresses the performance of an individual taxon is given 
in Appendix E, together with the results of the analyses for each 
significant taxon (P—  .05)* In the relative frequency analysis, all 
taxa whose total frequency was 10 or greater were considered in the 
computations. Mean preservation value and mean size value analyses 
were only performed on those taxa that have a total frequency of at 
least one half a percent of the total count. The results of these 
analyses are given in the following chapter.
2
Maximum R Improvement Regression Technique
In order to isolate diatom taxa whose relative frequency may
2
vary with water depth in the Gulf of Mexico basin, the Maximum R
Improvement Regression Technique was employed. The linear additive 
model used is given and explained in Appendix F, and includes the 
linear, quadratic, cubic and quartic effects of water depth.
The analysis includes a prediction equation and a ratio 
of the variation accounted for by that prediciton equation to the 
total variation. The generalized results of these regression analyses 
are discussed in the following chapter.
Q-Mode Cluster Analysis
2
On the basis of the Nested Analyses of Variance and Maximum R 
Regression Analyses, 20 diatom species and 1 silicoflagellate species 
were chosen to use in the Q-mode Cluster Analysis. Together, the 20 
diatom species represent 89.15? of the total diatom assemblage studied. 
Each of the 20 diatom species accounts for at least 0.5? of the total 
diatom flora studied.
The purpose of the cluster analysis was to show optimum pairwise 
arrangements of the interrelations of stations to frequency occurrences 
mean preservation and mean size of the 20 diatom species and one silico 
flagellate species, Assumptions for the Q-mode cluster analysis are:
1. Sufficient sample density and the samples are representative 
of the Gulf of Mexico basin, and
2. The existence of mapable variability among samples from the 
Gulf of Mexico bottom sediments with respect to frequency, 
preservation and size of diatoms.
The results of the cluster analysis are illustrated by a dendrogram in
the following chapter. The specific clustering method used was the
Unweighted Pair Group Method using Centroid Averaging (UPGMC) and is
discussed in detail by Sneath and Sokal (1962), and Sokal and Sneath
(1963).
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Analysis of the distribution of selected microfossil groups using SYMAP
The relative abundance and distribution of marine planktonic 
organisms in bottom sediments may reflect one or more of the following 
mechanisms: 1) productivity of the surface waters; and/or 2) dissolu­
tion in the water column and/or bottom sediments; and/or 3) dilution 
by terrigenous and other non-siliceous biogenic sedimentation.
In order to try to understand the influence of these effects on the 
data collected from the Gulf of Mexico, the diatoms, silicoflagellates,
i
radiolaria, Actiniscus, sponge spicules and phytoliths evaluated by 
the Kruskal-Wallis test; and the observations made concerning the 
presence or absence of diatom resting spores, chrysophyte cysts and 
spore-pollen were examined using the SYMAP procedure. The data for 
each taxon was plotted on an outline map of the Gulf of Mexico and then 
contoured using the SYMAP procedure as developed by the Harvard School 
of Computer Graphics. All groups except the spore-pollen are skeletal 
remains composed of biogenically secreted opaline silica. Table IV 
lists the environmental characteristics of the group under consideration.
Diatom frustules are found in fresh, shallow and oceanic marine 
waters. Silicoflagellates are oceanic protists but are also commonly 
found in the coastal plankton. Radiolaria are predominantly oceanic 
marine zooplankton. Actiniscus, is a siliceous endoskeleton of a 
pyrrophytic algae, and is found in both shallow and oceanic waters. 
Diatom resting spores are thickly silicified spheroidal cysts produced 
at a certain stage in the life cycle of neritic planktonic diatoms.
Thus, except for fresh water and littoral benthonic diatoms, the plank­
tonic diatoms, silicoflagellates, radiolaria, Actiniscus, and diatom 
resting spores generally characterize the neritic and oceanic marine
72
TABLE IV
ENVIRONMENTAL ANALYSIS OF SELECTED 
MICROFOSSIL GROUPS
GROUPS
Diatoms..............
Silicoflagellates....
Radiolaria...........
Actiniscus...........
Diatom resting spores.
Sponge Spicules......
Chrysophyte Cysts....
Phytoliths...........
Spore-pollen.........
Fresh Water
X
X
X
X
X
ENVIRONMENT 
Shallow Marine 
X 
X
X
X
X
Oceanic
X
X
X
X
X
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planktonic environment.
Many sponges have a meshwork skeleton composed of opaline sili­
ceous spicules and are found in fresh water, shallow marine and oceanic 
marine waters. Arrenhius (1952) and Schrader (1973 a, b) noted that 
siliceous sponge spicules are more resistant to dissolution than 
radiolaria and diatom remains. Arrenhius suggested that the ratio of 
siliceous sponge spicules to radiolaria in the bottom sediments could 
reflect the amount of silica dissolution.
Phytoliths, chrysophyte cysts and spore-pollen represent dis­
placed forms in deep Gulf of Mexico bottom sediments.
They may give some information on terrigenous input into the Gulf 
basin. Phytoliths are small siliceous sclerites produced by plants, 
predominantly from the cells of Gramineae and subordinately from those 
of Equisaetales. These are characteristic of fresh water or continen­
tal environment; however, they are found in oceanic marine sediment 
(Kolbe, 1955; Dumitrica, 1973). Chrysophyte cysts are small spherical 
siliceous bodies produced during the life cycle of certain fresh water 
Chrysophycean algae. Spore and pollen grains are reproductive bodies 
of the true plants and are composed of organic sporopollenin. They are 
derived from a terrestial source and characteristically found in fresh 
water, brackish water, and near shore environments, due to river and 
wind transportation.
CHAPTER U 
RESULTS
General observations
One hundred and thirty-eight diatom taxa and eight silicofla- 
gellate taxa were recovered from seventy surficial bottom sediment 
samples from the deep Gulf of Mexico basin. The systematic arrange­
ment of the diatom and silicoflagellate taxa is given in Appendix B. 
These diatoms and other siliceous remains are illustrated in Plates 
1 through 21.
Diatom and other biogenic opal remains are sporadically distri­
buted throughout the Gulf basin. Eighteen stations yielded abundant 
diatom remains, twenty-eight additional stations contained a sufficient 
number of diatoms for statistical analysis, and twenty-four were sta­
tions considered barren (i.e., less than 300 specimens per sample).
Ten samples contained no diatoms.
The dominant assemblage recovered is typical of a tropical to 
subtropical locality. Approximately ^0 percent of the total diatom 
population counted in the deep Gulf basin sediments were displaced 
from fresh, brackish, littoral or inner shelf waters.
The dominant diatom species in the Gulf of Mexico bottom sedi­
ments are Coscinodiscus nodulifer with a frequency of 31-6%; and 
Paralia sulcata comprising P. sulcata is a littoral or
coastal form and thus displaced from the nearshore waters. Those 
species of diatoms whose relative abundance is greater than one-half 
of a percent of the total frequency count are listed on Table V.
The silicoflagellate species Dictyocha messenansis is also included 
on this table. The twenty diatoms and one silicoflagellate taxa listed 
in the table comprise 89.15$ of the total diatom-silicoflagellate Gulf
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TABLE V
TAXA WITH A RELATIVE FREQUENCY OF GREATER THAN 0.5%
OF THE TOTAL DIATOM COUNT
Taxa Percent Planktonic Displaced
Coscinodiscus nodulifer 37.63 X
Paralia sulcata 18. UT X
Actinocyclus octonarius var. crassus U.l*9 X
Coscinodiscus domifactus k.ho X
Coscinodiscus radiatus 3. k6 X
Cyclotella striata 3.30 X
Hemidiscus cuneformis 2.6l X
Nitzschia marina 2.32 X
Coscinodiscus nitidus 1.96 X
Dictyocha messenansis 1.56 X
Diploneis crabro 1.36 X
Actinocyclus octonarius var. sparsus l.lH X
Cocconeis grata 0.91 X
Thalassiosira decipens 0.90 X
Thalassiosira eccentrica 0.80 X
Coscinodiscus denarius 0.79 X
Coscinodiscus oculus-iridis 0.65 X
Stictodiscus trigonus 0.62 X
Melosira granulata 0.62 X
Roperia tessellata 0.6l X
Asterolampra marylandica O.56 X
89.15 13 8
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of Mexico bottom sediment assemblage.
The means and standard deviations for the preservation and 
size values of the ten most abundant diatoms are given in Table VI.
Twelve of the twenty most abundant diatoms are holoplanktonic, 
while the remaining eight are displaced from shallow littoral or shelf 
waters. Planktonic taxa account for approximately 60% of the total 
diatom count in the deep Gulf basin sediments. Fourteen of the 
fifty-one diatom genera recorded during the data collection for the 
nested analyses of variance are planktonic, and are listed as 
Table VII. Only two genera, Coscinodiscus and Thalassiosira, contain 
more than two identifiable species and/or varieties. Undoubtedly the 
most frequently encountered planktonic species are Coscinodiscus 
nodulifer, Coscinodiscus domifactus, Coscinodiscus radiatus, Hemidiscus 
cuneiformis, and Nitzschia marina.
Diatom taxa displaced from benthonic environments of the littoral 
and continental shelf and from the inner neritic plankton comprise 
k0% of the total number of diatoms recovered in this study. Thirty- 
seven of the fifty-one genera recovered from the bottom sediments 
are considered displaced from environments outside the deep Gulf of 
Mexico (i.e., from depths less than 200 meters water depth). Table 
VIII lists the more abundant displaced genera and species. The most 
frequently displaced taxa include: Paralia sulcata, Actinocyclus 
octonarius var. crassus, Cyclotella striata, Diploneis crabro, 
Actinocyclus octonarius var. sparsus, and Cocconeis grata.
Dictyocha messenansis is the most frequently observed and widely 
distributed silicoflagellate in the deep Gulf of Mexico bottom 
sediments.
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TABLE VI
MEAN AND STANDARD DEVIATION OF PRESERVATION AND SIZE VALUES
FOR THE TEN MOST ABUNDANT DIATOM TAXA
Taxon P*
A
op s#*
A
O  S
Coscinodiscus nodulifer 2.88 0.18 32.8 1.69
Paralia sulcata 3.75 0.30 27.8 1.88
Actinocyclus octonarius var. crassus 3.00 0.30 22.9 2.18
Coscinodiscus domifactus 3.01 0.2U 27.5 2.25
Coscinodiscus radiatus 3.36 0.52 36.1 8.25
Cyclotella striata 3.83 0.U7 22.5 2.82
Hemidiscus cuneformis 3.12 O.Ul 70.9 13.61
Nitzschia marina 2.97 0.17 mostly
fragments
Coscinodiscus nitidus 3.27 0.142 30.3 U.03
Diploneis crabro 3.11 O.Ul 62.1 7-U5
P* = mean preservation value for U6 samples; 
subjective ordinal scale, 1 - excellent 
preservation to 5 - extremely poor preservation
op = standard deviation for preservation value
S#* = mean size value for U6 samples; to the nearest 
tenth of a micrometer as measured with a 
built-in micrometer ocular with the optical 
microscope
= standard deviation for size value
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TABLE VII
PLANKTONIC DIATOM TAXA AND SILICOFLAGELLATES FROM THE 46 SAMPLES 
USED IN DATA COLLECTED FOR THE NESTED ANALYSIS OF VARIANCE
No. of taxa:
60?5 of the total count 
Coscinodiscus (12 species) 50.8$
Diatoms: 34.
Silicoflagellates:
Hemidiscus cuneformis 
Thalassiosira (4 species)
Nitzschia marina 
Roperia tessellata 
Asterolampra (2 spp.) 
Thalassionema nitzschoides 
Stephanopyxis sp. 21 
Asteromphalus (2 spp.) 
Rhizosolenia (2 spp.) 
Pseudoeunotia doliolus 1 
Bacteriastrum sp. 1 
Ethmodiscus sp.
Chaetoceros spp. 
Silicoflagellates 
Dictyocha messenansis
2.6$
2 .1*$
2.31 
0.61$
0.22$
0.15$
0.14$
0.14$
0.007$
0.007$
2.1*5$
1.6$
c. nodulifer 37.6$
c. domifactus !*.!+$
c. radiatus 3.5$
c. nitidus 2.0$
c. denarius 0.79$
c. oculus-iridus 0.65$
T. decipiens 0.89$
T. eccentrica 0.81$
A. marylandica 0.56$
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TABLE VIII
DISPLACED DIATOM TAXA FROM THE k6 SAMPLES USED IN THE DATA
COLLECTED FOR THE NESTED ANALYSIS OF VARIANCE
No. of taxa: Diatoms: 104
h0% of the total count
Paralia (2 var.) 18.6%
Actinocyclus (1+spp) 5.8%
Cyclotella (5 spp) 3-5%
Diplonesis (10 spp) 2.3%
Cocconesis (3 spp) 1.7%
Melosira (5 spp) 1.6%
Stictodiscus (2 spp) 1.1%
Navicula (7 spp) 0.98%
Plagiogramma (1+ spp) 0.90%
Nitzschia (5 spp) 0.70%
Actinopytehus (2 spp) 0.52%
Triceratium (8 spp) 0.1+1%
Podosira stelliger 0.31%
Opephora schwartzi 0.25%
Glyphodesmis (2 sp) 0.22%
Pleurosigma (l sp) 0.22%
21 additional GENERA
P. sulcata 18.5%
A. octonarius v. crassus i+.5%
A. octonarius v. sparsus 1.1%
£. striata 3.3%
D. crabro l.k%
D. bombus 0.1+2%
£. grata 0.19%
jC. disculoides 0.1+7%
M. granulata 0.62%
S. trigonus 0.6H%
P. pulchellum var. pygmafea 0.1+1% 
P. sp. indet. 0.3^%
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Nested Analysis of Variance; Diatom and Silicoflagellate data
A one-way Analysis of Variance procedure was used to evaluate the 
data derived from a count of 300 specimens on two slides from each of 
18 stations. Preliminary analyses indicated relatively small variation 
from slide to slide for the abundant taxa within each station; there­
fore the counts for the two slides were pooled for the later ANOVA.
In addition to the l8 stations from which 2 slides were 
studied, 28 stations used 3 to 5 slides to obtain a total count of 
300 diatoms. These counts were also combined to form one sample 
count. Thus, in further analyses, the experimental unit was the 
individual sample. The ANOVA procedure was used to evaluate the 
difference in relative frequency, mean preservation and mean size 
among regions and among provinces within regions.
Differences among regions
Table IX lists those taxa that display significant differences in 
relative frequency among regions in the Gulf of Mexico surficial 
bottom sediments. The means of Actinocyclus octonarius var. crassus 
suggest this species is significant primarily because of relatively 
high values for the Continental Slope and Rise and low values for the 
Mississippi Cone and Abyssal Plain. Coscinodiscus radiatus is 
relatively abundant on the Continental Rise, because it is generally 
restricted to the western Gulf basin. Melosira granulata, a fresh­
water species, is of low relative abundance throughout the Gulf 
basin but is extremely rare on the Mississippi Cone. Melosira is 
extremely rare on the Mississippi Cone and slightly more abundant 
in the other regions. Actinocyclus is more abundant in the western 
Gulf basin with relatively higher abundances on the Continental Rise and
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TABLE IX
TAXA WITH SIGNIFICANT DIFFERENCES IN RELATIVE FREQUENCY
AMONG REGIONS
Actinocyclus octonarius var. crassus* 
Coscinodiscus radiatus*
Melosira granulata*
Melosira*
Act inocyclus**
Diploneis**
Naviculaceae**
* (P < .05)
** (P < .01)
Slope and lower abundance on the Mississippi Cone and Abyssal Plain. 
Diploneis, a near shore genus, shows higher frequencies on the 
Continental Rise and Mississippi Cone. Similarly, the family 
Naviculaceae, composed of near shore taxa is relatively more abundant 
on the Continental Slope and Abyssal Plain and of low abundance on 
the Continental Rise and Mississippi Cone.
The taxa listed in Table X display a statistically significant 
difference in the distribution of mean preservation value and mean 
size value among regions. Actinocyclus octonarius var. sparsus 
displays slightly better than average preservation throughout most 
of the Gulf basin while showing poor preservation on the Mississippi 
Cone. The genus Actinocyclus display average preservation on the 
Continental Slope, Mississippi Cone and Abyssal Plain but is slight­
ly better preserved on the Continental Rise. Diploneis and the 
family Naviculaceae show slightly below average preservation on the 
Continental Slope, Rise and Abyssal Plain, but even poorer preserva­
tion on the Mississippi Cone.
Only two taxa display statistically significant differences in 
the distribution of mean size values among regions. Actinocyclus 
octonarius var. crassus has a mean size value of approximately 22
micrometers on the Continental Slope, Rise and Mississippi Cone 
with slightly larger forms (2k.3 micrometers) in the Abyssal Plain. 
Cyclotella striata displays a mean size value of approximately 
21 micrometers on the Continental Rise and Anyssal Plain and approxi­
mately 2k micrometers on the Continental Slope and Mississippi 
Cone.
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TABLE X
TAXA WITH SIGNIFICANT DIFFERENCES IN MEAN PRESERVATION
AND MEAN SIZE AMONG REGIONS
PRESERVATION
Actinocyclus octonarius var. sparsus* 
Diploneis*
Actinocyclus**
Naviculaceae**
SIZE
Actinocyclus octonarius var. crassus* 
Cyclotella striata*
* (P < .05)
** (P < .01)
Qk
Differences among provinces within regions
Those taxa which display significant differences in their rela­
tive frequencies among provinces within regions are listed in Table XI.
The abundance of Paralia sulcata and Cyclotella striata is 
higher in the western portion of the basin and appears to be 
influenced by fluvial input into the Gulf. The Mississippi, Rio 
Grande and Eastern Mexican rivers appear to influence the frequency 
of occurrence of these two taxa.
Numerous displaced marine littoral and shallow shelf taxa 
showed significant differences in relative frequency among provinces 
within regions. Diploneis bombus, Nitzschia panduriformis, and 
Trachyneis aspera show relatively high frequencies on the Florida and 
eastern Campeche slopes and are essentially absent from the Mexico 
and Texas-Louisiana slopes. Thalassiosira decipiens and Thalassio- 
sira eccentrica, which are commonly found in the neritic plankton, 
display similar frequency distributions with relatively high values 
off the northern Florida slope, the western portion of the Campeche 
slope and off the western Louisiana slope.
Coscinodiscus nodulifer, although ubiquitous throughout the 
basin, displays highest frequency in the eastern portion of the 
Gulf of Mexico bottom sediments, although C_. nodulifer is most 
characteristic of the Lower Mississippi Cone and northern portion 
of the East Gulf Plain.
The majority of diatom taxa with significant differences in 
relative frequency among provinces within regions prefer either the 
eastern or western portion of the Gulf basin. The sources of dis­
placed diatom taxa into the deeper areas of the eastern Gulf basin
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TABLE XI
TAXA WITH SIGNIFICANT DIFFERENCES IN RELATIVE FREQUENCY
AMONG PROVINCES WITHIN REGIONS
Cocconeis** Nitzschia marina*
Cocconeis disculoides* Nitzschia panduriformis*
Cocconeis grata** Opephora schwartzii*
Coscinodiscus** Paralia**
Coscinodiscus africanus* Paralia sulcata**
Coscinodiscus domifactus* Plagiogramma*
Coscinodiscus nitidus** Plagiogramma tessellatum*
Coscinodiscus nodulifer** Rhizosolenia*
Cyclotella* Roperia tessellata*
Cyclotella striata* Silicoflagellates**
Dictyocha messenansis** Stictodiscus**
Diploneis bombus* Stictodiscus trigonus*
Diploneis smithii** Stictodiscus trigonus var. indet.
Melosira cf. M. varians* Thalassiosira**
Navicula pratexta** Trachynesis aspera**
Nitzschia**
* (P < .05)
** (P < .01)
are the Florida and east Campeche Slopes and input from the 
Caribbean Sea. These taxa include Stictodiscus trigonus, Sticto­
discus trigonus var. A, Melosira cf. M. varians, Cocconeis discu­
loides , Cocconeis grata, Navicula praetexta, Plagiogramma tessellatum, 
and Opephora schwartzii. Two planktonic taxa, Roperia tessellata and 
Coscinodiscus nitidus,also show higher frequencies in the eastern 
Gulf of Mexico basin.
Nitzschia marina is widely distributed throughout the Gulf 
bottom sediments, especially as fragments. In general, N. marina 
showed slightly higher frequencies in the center of Sigsbee Plain. 
Coscinodiscus domifactus is restricted to the western Gulf of 
Mexico bottom sediments. £. domifactus displays highest frequency in 
the southwestern portion of the basin.
Diatom taxa which show significant differences in distribution 
of mean preservation values and mean size values among provinces 
within regions are listed on Table XII. Coscinodiscus nodulifer 
displays better than average preservation on the Florida Slope 
while showing poorer preservation on the Texas-Louisiana, Mexican 
and western Campeche Slopes. Cyclotella striata displays average mean 
preservation values on the West Florida Slope, poor mean preserva­
tion on the Texas-Louisiana and Campeche Slopes and extremely poor 
preservation on the East Mexico Slope. A similar pattern is 
observed by £. striata for mean preservation on the Continental Rise 
and Abyssal Plain. £. striata is poorly preserved on the North and 
South Rise and very poorly preserved on the West Rise. The East 
Gulf Plain contains better preserved forms than the Sigsbee Plain. 
Diploneis crabro displays better than average preservation on the
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TABLE XII
TAXA WITH SIGNIFICANT DIFFERENCES IN MEAN PRESERVATION
AND MEAN SIZE AMONG PROVINCES WITHIN REGIONS
PRESERVATION
Cyclotella striata*
Coscinodiscus nodulifer**
Diploneis crabro*
Stictodiscus*
Discineae*
SIZE
Coscinodiscus nitidus* 
Paralia sulcata**
* (P < .05)
** (P < .01)
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West Florida and Campeche Slopes and less than average preservation 
on the Texas-Louisiana and East Mexico Slopes. Similarly, specimens 
of D. crabro are better preserved on the South Rise than on the North 
Rise. The nearshore genus Stictodiscus is better preserved on the 
West Florida and Campeche Slopes than the Texas-Louisiana Slope.
The Suborder Discinae displays better preservation on the South Rise 
compared to the North Rise.
Only two species display significant differences in mean size 
values among provinces within regions. Coscinodiscus nitidus shows 
a mean size of 2J.8 micrometers for the Upper Mississippi Cone with 
larger specimens— mean size 33.  ^micrometers— on the Lower Mississippi 
Cone. Over the East Gulf Plain the mean is 30.5 micrometers and 
the Sigsbee Plain 35*5 micrometers. Paralia sulcata has a mean size 
of 28.8 micrometers in the East Gulf Plain and 25.7 micrometers over 
the Sigsbee Plain. It shows some trends in mean size on the slope 
provinces with a mean size of 28.8 micrometers over the West Florida 
and Texas-Louisiana Slopes, but 26.2 micrometers over the East 
Mexico and Campeche Slopes.
SYMAP Analysis
Twenty-four of the seventy samples from the Gulf of Mexico basin 
contain less than 300 diatoms in the prepared slides. They are 
either barren or have poor yields. Text-figure 18 shows the distribu­
tion of these samples throughout the Gulf basin. Twelve of the twenty- 
four samples are located in the northwestern part of the basin cover­
ing the western portion of the Texas-Louisiana Slope and northern 
portion of the East Mexico Slope. Also there is a cluster of barren
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Text-figure 18. Distribution of samples that are barren or of poor yield.
samples off the mouth of the Mississippi River. These samples 
closely follow the axis of the Mississippi Trough.
The SYMAP plots of frequency for taxa with abundance greater 
than 0.5% are presented as text-figures 19 through 38. In general 
these maps show that the distribution of diatoms is not strictly 
controlled according to changes in physiographic provinces.
Coscinodiscus nodulifer, the most abundant taxa in the Gulf of 
Mexico bottom sediments, is mapped in text-figure 19* It has high 
frequencies centered in the eastern gulf basin and is at a minimum 
in the southwestern part, the southern portion of the West Florida 
Slope and on the Upper Mississippi Cone at the mouth of the 
Mississippi River. Coscinodiscus nitidus (text-figure 20) displays 
relatively high frequencies in the eastern part of the basin possibly 
reflecting a pattern indicative of input from the Caribbean Sea.
C. nitidus is essentially absent from the southwestern part of the 
gulf basin. The two planktonic diatoms, Roperia tessellata and 
Asterolampra marylandica, and the two benthonic diatoms Stictodis­
cus trigonis and Cocconeis grata, are found predominantly in the 
eastern portion of the Gulf of Mexico as seen in text-figures 21,
22, 23 and 2k. Hemidiscus cuneformis and Nitzschia marina are 
two of the most widely distributed species in the Gulf of Mexico and 
both show slightly higher abundances in the western gulf basin. Maps 
illustrating the frequency distribution of H. cuneformis and N. 
marina are given as text-figures 25 and 26,respectively.
Coscinodiscus denarius, which is a neritic planktonic diatom, is 
found on the Upper Mississippi Cone and off the western portion of 
the Campeche embankments, as shown in text-figure 27- Two other
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Text-figure 19. SYMAP frequency distribution map for Coscinodiscus nodulifer.
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Text-figure 20. SYMAP frequency distribution map for Coscinodiscus nitidus.
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Text-figure 21. SYMAP frequency distribution map for Roperia tessellata.
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Text-figure 22. SYMAP frequency distribution map for Asterolampra marylandica.
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Text-figure 23. SYMAP frequency distribution map for Stictodiscus trigonus.
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Text-figure 2k. SYMAP frequency distribution map for Cocconeis grata.
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Text-figure 25. SYMAP frequency distribution map for Hemidiscus cuneformis.
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Text-figure 26. SYMAP frequency distribution map for Nitzschia marina.
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Text-figure 27. SYMAP frequency distribution map for Coscinodiscus denarius.
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taxa considered to "be neritic planktonic diatoms, Thalassiosira 
eccentrica and T. decipiens, are located predominantly off the 
Florida and Campeche embankments. Text-figures 28 and 29 illustrate 
their distrubution pattern.
Coscinodiscus domifactus is essentially restricted to the 
western gulf basin where it shows relatively high frequencies in the 
southwestern portion. £. domifactus is absent to very rare in the 
eastern basin as illustrated by text-figure 30. Coscinodiscus 
radiatus displays high abundance in the western basin (text-figure 
31). Also Coscinodiscus oculus-iridis, a planktonic taxon, and 
Diploneis crabro, a benthonic form, show higher frequencies for the 
western basin (text-figures 32 and 33). Melosira granulata (text- 
figure 3*0, a freshwater taxon, is found in relatively high 
abundance in the deep water basin.
Actinocyclus octonarius var. crassus and A. octonarius var. 
sparsus are neritic diatoms that display high relative abundance in 
the western basin and over the Florida and Campeche Slopes (text- 
figures 35 and 36).
The abundance of Paralia sulcata in the gulf basin reflects 
the effect of freshwater input into the Gulf of Mexico. It shows 
high abundance off the mouth of the Mississippi and Rio Grande 
Rivers and forms a northward wedge paralleling the Campeche Canyon in 
the southwest gulf basin as illustrated by text-figure 37. Cyclotella 
striata, although more poorly defined throughout the basin, shows a 
similar distribution pattern. It displays high frequencies in the 
most southwesterly portion of the gulf basin reflecting input from 
the numerous Mexican rivers of the Campeche Peninsula (text-figure 38).
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Text-figure 28. SYMAP frequency distribution map for Thalassiosira eccentrica.
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Text-figure 29. SYMAP frequency distribution map for Thalassiosira decipens.
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Text-figure 30. SYMAP frequency distribution map for Coscinodiscus domifactus.
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Text-figure 31. SYMAP frequency distribution map for Coscinodiscus radiatus.
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Text-figure 32. SYMAP frequency distribution map for Coscinodiscus oculus-iridig.
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Text-figure 33. SYMAP frequency distribution map for Diploneis crabro.
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Text-figure 3^ . SYMAP frequency distribution map for Melosira granulata.
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Text-figure 35- SYMAP frequency distribution map for Actinocyclus octonarius var. crassus.
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Text-figure 36. SYMAP frequency distribution map for Actinocyclus octonarius var. sparsus.
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Text-figure 37. SYMAP frequency distribution map for Paralia sulcata.
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Text-figure 38. SYMAP frequency distribution map for Cyclotella striata.
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Silicoflagellates display higher abundances in the southwestern 
gulf basin and on the West Florida and Campeche Slopes. Dictyocha 
messenansis and Dictyocha stapedia are the two most abundant silico- 
flagellate taxa throughout the gulf basin.
The SYMAP plots of preservation for the most abundant diatom taxa 
display very little variation throughout the gulf basin. They are 
presented as text-figures 39 through hj. In general, the planktonic 
taxa display average to slightly poorer than average preservation, 
while the displaced taxa display poor preservation throughout the 
Gulf basin.
The SYMAP plots of size of Coscinodiscus nodulifer, Paralia 
sulcata, Actinocyclus octonarius var. crassus, Cyclotella striata 
and Coscinodiscus nitidus are presented as text-figures U8 through 52. 
The size range for each of the ten most abundant diatom taxa is very 
low, and they display very little variation throughout the Gulf basin.
Q-Mode Cluster Analysis
The results of the nested analyses of variance indi­
cate that the distribution patterns for frequency, preservation and 
size of diatoms do not generally vary according to the physiographic 
subdivisions. Similarly, the SYMAP plots suggest that other factors 
besides physiography influence the distribution of frequency, mean 
preservation, and mean size of diatoms in the Gulf of Mexico surfi- 
cial bottom sediments.
A Q-mode cluster analysis was performed on the data in order to 
group samples that have similar associations of relative frequency, 
mean preservation and mean size of the 20 most abundant diatom
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Text-figure 39- SYMAP preservation distribution map for Coscinodiscus nodulifer.
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Text-figure UO. SYMAP preservation distribution map for Paralia suleata.
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ext-figure Ul. SYMAP preservation distribution map for Actinocyclus octonarius var. crassus.
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Text-figure h2. SYMAP preservation distribution map for Coscinodiscus domifactus.
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Text-figure h3. SYMAP preservation distribution map for Coscinodiscus radiatus
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Text-figure UU. SYMAP preservation distribution map for Cyclotella striata
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Text-figure U5. SYMAP preservation distribution map for Hemidiscus cuneformis.
TEX
FLA
PRESERVATION
NITZSCHIA MARINA
1 - EXCELLENT
2 - GOOD
3 - AVERAGE
4 - POOR
5 - VERY POOR
YUCATAN
MEXICO?
A K M K  M K S B t t l W  VALUE P M  S ftV L E
•  0.5
Text-figure U6. SYMAP preservation distribution map for Nitzschia marina.
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Text-figure i+7. SYMAP preservation distribution map for Coscinodiscus nitidus.
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Text-figure U8. SYMAP size distribution map for Coscinodiscus nodulifer
122
s o
TlX
FLA
-t»
YUCATAN
MCXlCl
M EM tt SIZE M U * K >  SAFIX
SYMAP size distribution map for Paralia sulcataText-figure
rou>
•5*
TKX etni* a
■«
<MA
ze
YUCATAN
ACTINOCYCLUS OCTONARIUS VAR. CRASSUS
M lM tt SIZE W U* K » S **U
Text-figure 50. SYMAP size distribution map for Actinocyclus octonarius var. crassus.
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Text-figure 51- SYMAP size distribution map for Cyclotella striata.
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Text-figure 52. SYMAP size distribution map for Coscinodiscus nitidus.
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species and the relative frequency of Dictyocha messenansis through­
out the Gulf of Mexico.
The results of the cluster analysis are given as a dendrogram in 
text-figure 53. An examination of this dendrogram shows that at a 
linkage of 0.1*37 to 0.516 on the dissimilarity scale two clustered 
groups are formed. In addition one sample, No. 1, on the West Florida 
Slope, is too dissimilar to join the groups hut may in itself he 
considered a cluster. Cluster I contains stations 12, 13, 17, 29, 31 
56 and 68. These stations in the southwestern portion of the Gulf of 
Mexico are shown on text-figure 5l+. Stations in Cluster I are char­
acterized by approximately 12# Coscinodiscus domifactus, 9% 
radiatus, 12# JC. nodulifer, 22# Paralia sulcata, and 9% Cyclotella 
striata. The remainder of the stations used in the cluster analysis 
form Cluster II containing 39 stations. These are distributed over 
the rest of the gulf basin. Stations from Cluster II are character­
ized by generally 50# Coscinodiscus nodulifer, 12# Paralia sulcata,
<1# Coscinodiscus domifactus, <2# Coscinodiscus nitidus, <2# 
Coscinodiscus radiatus, and 1# Cyclotella striata. The twenty-four 
samples not used in the cluster analysis could be considered a 
cluster of barren samples. These stations plot as a
group in the northwestern portion of the basin and as a linear system 
generally following the Loop Current from the Yucatan Channel to 
the mouth of the Mississippi River.
At a lower level of linkage, the large Cluster II forms a 
distinct suite of samples found directly basinward of river input 
(i.e., samples 1*H, 1*5, **6 and 60 for the Mississippi River; sample 15 
Rio Grande; and sample 32) and an Eastern Gulf Cluster (samples 2, 1*1,
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Text-figure 53. S--nodc cluster analysis dendrogram for frequency, preservation 
and size diaton data using the unweighted pair group method with centroid 
averaging. 128
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Text-figure 5*+. Results of the Q-mode Cluster Analysis at a linkage of 0.1+37-0.516 
on the dissimilarity scale. Superimposed are the samples considered as barren 
in this study. 129
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U3, U7, and 53).
Regression of diatom frequency as a response to water depth
A Maximum r2 Improvement Regression technique was employed to 
evaluate the relationship between the frequency of occurrence of the 
20 most abundant diatom species, the most abundant silicoflagellate 
taxon and water depth. Details of the Maximum R2 Improvement
p
technique, prediction equations and associated R values are given in 
Appendix F. Regression equations up to the fourth degree polynomial 
were evaluated. Eighteen of the twenty diatom taxa showed a significant 
(P <.05) regression equation for changes of frequency with depth. 
However, the R2 values were not high. Table XIII lists the 20 most 
abundant diatom taxa and their associated R^ values.
Results of the Kruskal-Wallis test
An objective ordinal classification scheme consisting of the 
categories absent, very rare, rare, frequent, common, abundant and 
predominant was used to define the relative abundance of the biogenic 
siliceous remains in the deep Gulf bottom sediments. An explanation 
of the test, the counting procedure and the data are given in Appendix 
D.
Table XIV, Column 1, summarizes the results of the Kruskal- 
Wallis one-way analysis by ranks for relative abundance among regions. 
Diatoms, silicoflagellates, Actiniscus and the radiolaria show no 
statistically significant difference. Sponge spicules show a 
statistically significant difference (P<.05) and increase with 
increase in depth, i.e., increase in abundance from slope, to cone,
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TABLE XIII
R2 VALUES FOR THE MOST ABUNDANT DIATOM TAXA —  FREQUENCY OF OCCURRENCE 
REGRESSED AGAINST WATER DEPTH (WHERE DEPTH IS TESTED TO THE l+TH POWER) 
USING MAXIMUM R2 IMPROVEMENT TECHNIQUE
TAXON R2
Coscinodiscus nodulifer............................. 0.0512**
Paralia sulcata .................................  0.1237*
Actinocyclus octonarius var. crassus .............. 0.2138**
Coscinodiscus domifactus .......................... 0.0U39**
Coscinodiscus radiatus ........   N.S.
Cyo.lotella striata................................. 0.0312**
Hemidiscus cuneformis.............................. 0.1578**
Nitzschia marina .................................  0.0893**
Coscinodiscus nitidus ............................ 0.0718*
Diploneis crabro .................................  0.1705**
Actinocyclus octonarius var. sparsus .............. 0.0225*
Cocconesis grata .................................  0.079^*
Thalassiosira decipiens............................0.0712*
Thalassiosira eccentrica . . .  .................... 0.1l8l*
Coscinodiscus denarius ............................ 0.0695**
Coscinodiscus oculus-iridus........................ N.S.
Stictodiscus trigonus ...........................  0.0366*
Melosira granulata ...............................  0.0260*
Roperia tessellata ...............................  0.1957**
Asterolampra marylandica......................... 0.181+9*
* (P <.05)
** (P <.0l)
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TABLE XIV
RESULTS OF KRUSKAL-WALLIS TEST ON MAJOR GROUPS OF SILICEOUS 
BIOGENIC REMAINS IN GULF OF MEXICO BOTTOM SEDIMENTS
AMONG
REGIONS AMONG PROVINCES WITHIN REGIONS
Slope Rise Cone Plair
Diatoms ns *w ns ns ns
Silicoflagellates ns * ns ns ns
Pyrrophyte endoskeletons ns * ns ns ns
Sponge spicules « «* ns ns ns
Radiolaria ns ns ns ns ns
Phytoliths *« ns ns ns «*
ns - not statistically significant P > .05 
* - P <.05 
** - P < .01
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to rise and plain. Opaline phytoliths, derived from the continents, 
are generally rare in the Abyssal Plain, while on the Continental 
Slope, Continental Rise and Mississippi Cone they are frequent.
The phytoliths show higher frequencies in the western part of the 
Gulf basin. Radiolaria and phytoliths do not show a statistically 
significant difference (P> .05) in relative abundance among provinces 
within the Continental Slope. Diatoms, sponge spicules (P< .01) 
and silicoflagellates and Actiniscus (P < .05) all display differences 
in the Continental Slope. The West Florida and Campeche Slopes show 
higher abundances of diatoms, sponge spicules, silicoflagellates 
and Actiniscus than do the Texas-Louisiana and east Mexico Slopes.
All of the siliceous biogenic groups display no significant 
differences in relative abundance among provinces within the 
Continental Rise and Mississippi Cone regions. The Continental 
Rises of the Gulf basin are characterized by a frequent or common 
abundance of diatoms, radiolaria and phytoliths. Sponge spicules 
are abundant to dominant, and silicoflagellates and Actiniscus very 
rare or absent. The Mississippi Cone is characterized by very 
rare or absent silicoflagellates, Actiniscus, diatoms, and radiolaria. 
Phytoliths are absent or common, and sponge spicules rare to 
dominant.
In the Abyssal Plain region, diatoms, silicoflagellates, 
Actiniscus, sponge spicules and radiolaria show no statistically 
significant differences in relative abundance between provinces 
within regions (P >.05). Diatoms and radiolaria are frequent or 
common, silicoflagellates and Actiniscus absent or very rare, and 
sponge spicules common to predominant. Phytoliths display a highly
131*
significant difference (Pc.Ol) between the Sigsbee Plain and the East 
Gulf Plain. They are frequent or common in the Sigsbee Plain and 
absent to frequent in the East Gulf Plain.
Frequency distribution analysis for selected microfossil groups
SYMAP contour maps were plotted for the frequency data gathered 
for the Kruskal-Wallis test. Maps for the diatoms, silicoflagellates, 
pyrrophytic endoskeletons, radiolaria, siliceous sponge spicules, 
and phytoliths are presented as text-figures 55 through 60. Presence/ 
absence data for spore-pollen, diatom resting spores and chrysophyte 
cysts was gathered during the diatom counting procedure for the 
nested analysis of variance and plotted on text-figures 6l through 
63.
The predominant groups of siliceous microfossils in the Gulf of 
Mexico bottom sediments are sponge spicules, radiolaria, diatoms and 
phytoliths in that order. Silicoflagellates, pyrrophytic endo­
skeletons, diatom resting spores and chrysophyte cysts are present as 
minor components in the sediments. Diatoms, radiolaria and sponge 
spicules display high relative frequencies in the southeastern Gulf, 
especially off the West Florida and Campeche carbonate platforms.
All three groups show low relative frequencies in the northwestern 
part of the basin and have a patchy distribution in the eastern Gulf 
on a line from the mouth of the Mississippi River southeastward 
toward Cuba.
Phytoliths display higher relative frequencies in the western 
Gulf than in the eastern Gulf. The silicoflagellates and pyrrophytic 
endoskeletons are present in low relative frequencies on the West
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Text-figure 55. SYMAP frequency distribution map for diatoms
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Text-figure 57- SYMAP frequency distribution map for siliceous pyrrophytic cysts.
TEX
FLA
XU*A
RAO IOLARI AN ABUNDANCEYUCATAN
MEXICO; 7 -  P R E D O M IN A N T  
6 -  ABUNDANT  
5 -  COMMON 
4 -  FR E Q U E N T  
3 -  RARE  
2 -  VERY RARE  
I -  A B SEN T
Text-figure 58. SYMAP frequency distribution map for radiolaria.
LA.
TfX
FLA
o
XUS*
7 -  P R E D O M IN A N T  
6 -  ABUNDANT  
5 -  COMMON 
4 -  FR E Q U E N T  
3 -  RARE  
2 -  VERY RARE  
I -  A B SEN T
•V*'
Text-figure 59. SYMAP frequency distribution map for silica sponge spicules.
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Florida and Campeche Slopes and are essentially absent from other 
areas of the Gulf.
Spore-pollen were noted exclusively in the western Gulf basin. 
The freshwater chrysophyte cysts were widely distributed throughout 
the deep Gulf basin especially on the Continental Slope and Upper 
Mississippi Cone. The diatom resting spores were uniformly scattered 
throughout the southern portion of deep Gulf basin.
The diatom benthonic to planktonic ratio was calculated for each 
sample used in the nested analysis of variance. A SYMAP distribution 
map of this data is presented on text-figure 6h. In addition to 
the truly benthonic taxa other displaced taxa such as tychopelagic, 
meroplanktonic and freshwater forms are considered "benthonic". 
Highest benthonic taxa occur adjacent to the Mississippi, Rio Grande 
and Mexican Rivers. Also, high ratios occur at the southern portion 
of the Florida Slope and eastern portion of the Campeche slope.
A frequency map of the truly benthonic taxa from the Order 
Pennales was drawn to help interpret the benthonic-planktonic ratio 
(text-figure 65). As can be seen from the map, the high benthonic 
ratios for the southern Florida and eastern Campeche Slopes are due 
to the distribution of the Order Pennales. Consequently the high 
benthonic ratios associated with the rivers are due to the tycho­
pelagic forms and in particular Paralia sulcata.
Text-figure 66 shows regions in the Gulf basin with the highest 
concentration of freshwater taxa. Such taxa as Melosira granulata, 
Stephanodiscus astera and Epithemia spp., occur in relatively higher 
frequency in the western Gulf of Mexico basin.
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Text-figure 65. Frequency map for truly benthonic diatom taxa (Order Pennales), 
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Text-figure 66. Samples with freshwater diatoms comprising greater than 2% of the 
total diatom count.
CHAPTER V
CONCLUSIONS
This study has shown that a great difference exists between the 
biocoenosis of the photic zone and the thanatocoenosis of the surficial 
bottom sediments of the Gulf of Mexico. Taxa dominating the biocoeno­
sis of oceanic Gulf waters (e.g., Rhizosolenia, Chaetoceros, Hemiaulus 
and Guinardia; Sanders and Fryxell, 1972) were scarce or absent in the 
surficial bottom sediments.
The absence from the bottom sediments of diatom taxa reported from 
the biocoenosis suggests that dissolution of biogenic opal is an active 
process in the Gulf basin, just as in other oceanic regions (Lisitzin, 
1971). Samples barren of diatoms are clustered in the northwest part 
of the basin on the western Texas-Louisiana and northern East Mexico 
Slope, as a small group of barren samples on the Upper Mississippi 
Cone at the mouth of the Mississippi River, and, also in patchy areas 
in the eastern Gulf basin. In each of these areas, the lack of diatoms 
is probably due to a number of factors. In the northwest Gulf of 
Mexico, the high and constant influx of argillaceous sediments from 
the Mississippi River decreases water opacity and thus has a direct 
effect on photosynthetic activity. In addition, higher sedimentation 
rates and irregular bottom topography are probably other important 
factors that affect the presence of diatoms and other siliceous re­
mains in the northwestern Gulf basin. The samples from the Upper 
Mississippi Cone probably are influenced also by similar factors. The 
patchy distribution of diatoms in both these areas may be due to the 
interaction of bottom topography and bottom currents as suggested by
lU8
Round (1967a) for similar occurrences of diatoms in the Gulf of 
California bottom sediments. The poor yield of diatoms in the eastern 
portion of the Gulf basin is probably due to low productivity and dis­
solution in this area. Examination of siliceous sponge spicules, 
radiolaria and diatom abundance indicates that the sediments in these 
areas contain the lowest amounts of particulate biogenic opal,and 
dissolution a likely factor within the bottom sediments as well as 
through the water column in all these areas.
The maps illustrating the distribution of the frequency of occur­
rence of individual taxa show distinct separation of the Gulf of Mexico 
into two major diatom provinces: one in the eastern Gulf and the
other in the western Gulf. The following diatoms have a higher frequen­
cy of occurrence in the eastern basin:
Coscinodiscus nodulifer (planktonic)
Coscinodiscus nitidus (planktonic)
Roperia tessellata (planktonic)
Asterolampra marylandica (planktonic)
Cocconeis grata (displaced)
Stictodiscus trigonus (displaced)
Cocconeis disculoides (displaced)
Melosira cf. M. varians (displaced)
Navicula praetexta (displaced)
Opephora schwartzi (displaced)
Plagiogramma tessellata (displaced)
Plagiogramma sp. indet. (displaced)
Stictodiscus trigonus var. indet. (displaced)
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The following diatoms have a higher frequency of occurrence in 
the western Gulf basin:
Coscinodiscus domifactus (planktonic)
Coscinodiscus radiatus (planktonic)
Hemidiscus cuneiformis (planktonic)
Nitzschia marina (planktonic)
Coscinodiscus oculus-iridis (planktonic)
Actinocyclus octonarius var. crassus (displaced)
Actinocyclus octonarius var. sparsus (displaced)
Diploneis crabro (displaced)
Melosira granulata (displaced)
Stephanopyxis sp. indet. (displaced)
Actinopytchus senarius (displaced)
Navicula spp. indet. (displaced)
The reasons for the development of these two provinces probably is 
related to oceanic circulation patterns in the Gulf of Mexico 
and modified by terrigenous sediment influx. The eastern Gulf of 
Mexico is dominated by the Loop Current with a water mass of low 
productivity, derived from the central Atlantic Ocean and Caribbean 
Sea. This oceanic water enters the Gulf of Mexico via the Yucatan 
Channel, forms a loop in the eastern basin and exits through the Straits 
of Florida. The diatom assemblage is dominated by Coscinodiscus riodu- 
lifer, with Roperia tessellata and Asterolampra marylandica also 
widely distributed in the eastern basin. These oceanic species were 
defined as tropical diatom species by Kanaya and Koizumi (1966).
The western Gulf shows no strong semipermanent currents and is 
influenced by continental runoff. Of the diatom taxa present in 
the western basin, Coscinodiscus radiatus and Thalassiosira oestrupii 
have been described as subtropical forms (Kanaya and Koizumi, 1966).
151
Coscinodiscus domifactus also is restricted to the western basin. 
Interesting enough, Pierce's (.1975) frequency data for the subtropical 
coccolithophyte Umbellosphaera tenuis shows highest abundance in the 
southwestern portion of the Gulf basin. In the southwest part of the 
Gulf basin, the effect of terrigenous sedimentation is much less than 
in the northwest part of the Gulf basin. The diatoms are more abun­
dant in the bottom sediments and form a cluster of samples whose taxa 
are distinctly different from those in the eastern basin. (text-figure
5U.
Sediment influx from continental runoff in the western Gulf of 
Mexico is defined by highest relative abundance of freshwater diatoms 
and of phytoliths.
Superimposed on the general east-west patterns in the Gulf of 
Mexico are the effects of productivity, sedimentologic province and 
fresh water influx. Productivity varies in the same way as sedimento­
logic province; as can be seen by comparing the carbonate continental 
slopes (West Florida and Campeche) with the terrigenous continental 
slopes (Texas-Louisiana and East Mexico). Greatest diatom species 
diversity occurs in the carbonate slopes reflecting areas of highest 
productivity and better preservation;and ,silicoflagellates and sili­
ceous pyrrophyte endoskeletons are found only rarely outside of these 
areas. Certain displaced diatom taxa such as Diploneis bombus, Nitz- 
schia panduriformis, Podosira stelligera, Stictodiscus californicus, 
and Tracyneis aspera were exclusively found on the carbonate slopes. 
Most of the displaced forms in the eastern basin were derived from the 
Florida and/or Campeche embankments. However, input from the western
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Caribbean Sea cannot be ruled out as a source for some of these 
forms. More data concerning the living flora of the western Caribbean 
and south Atlantic are needed to evaluate these results. For example, 
a single valve of Nitzschia (Fragilafiopsis) kerguelensis (O'Mear) 
Hustedt was noted in the Texas-Louisiana Slope. This species is pre­
dominant in southern ocean waters and appears to have been derived 
from the Antarctic Intermediate Water mass. Pierce's (1975) data on 
the Haptophyta throughout the deep Gulf sediment indicate that taxa 
are entering the Gulf from the western Caribbean and south Atlantic 
via the major current systems.
The effect of freshwater influx is seen in the samples adjacent 
to the Mississippi, Rio Grande and east Mexico Rivers. The effect 
manifests itself in higher frequencies of non-oceanic diatom taxa 
such as Paralia sulcata, Cyclotella striata and Coscinodiscus denarius, 
beyond the shelf break in the open Gulf. The distribution maps for 
phytoliths, freshwater diatoms and spore-pollen grains show a higher 
abundance in the western Gulf of Mexico reflecting the freshwater 
influx and restricted nature of the circulation in the western basin.
Examination of the benthonic/planktonic ratio map (text-figure 
6U) illustrates some geologic processes occurring in the Gulf. The 
benthonic taxa include the truly benthonic forms of the Order Pennales 
as well as tychopelagic taxa such as Paralia sulcata. The high bentho­
nic/planktonic ratios at the mouth of the Mississippi and Rio Grande 
Rivers off the Yucatan Peninsula following the Campeche Canyon reflect 
the effect of freshwater influx in these areas. Pierce (1975) noted 
a similar distribution pattern in the frequency distribution of reworked
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Haptophyta scales (coccoliths) in the Gulf "basin. Examination of 
the frequency distribution of truly benthonic diatom taxa of the Order 
Pennales shows highest occurrences in the southeastern portion of the 
basin off of the Campeche and Florida enbankments. The Campeche shelf 
has been known to supply significant quantities of non-terrigenous 
intra-basinal carbonate sediments to the western Abyssal Plain (Davies, 
1968). Davies noted that there is no evidence that the Eastern Gulf 
Province contributes quantities of sediment to deeper water areas.
It appears from the data gathered here that sediments from the southern 
portion of the West Florida Slope and eastern Campeche Slope may contri­
bute significant quantities of sediment to the East Gulf Abyssal Plain.
Differences in preservation for most diatom taxa could not be 
distinguished throughout the surficial bottom sediments of the Gulf of 
Mexico. Displaced diatom taxa were, in general, more poorly preserved 
than oceanic taxa. In general, the best preserved diatoms were found 
on the West Florida and Campeche Slopes.
Ho definitive statement can be made concerning the relationship 
of size of planktonic diatoms to increased productivity in the Gulf of 
Mexico. In general, the diatom taxa were relatively small forms re­
flecting a low productivity body of water. Coscinodiscus nodulifer, 
which showed highest frequencies in the northeastern basin also dis­
played relatively large size individuals in this area. However, the 
range of average size values among the samples studied for this and 
the rest of the abundant taxa was extremely low.
An important objective in the study of the siliceous remains of 
the Gulf of Mexico surficial bottom sediments was to derive principles
15^
that could be applied to biostratigraphy. There have been many ancient 
basins similar to the Gulf of Mexico, for example, the Great Karroo 
Basin existing during the Pemian Period over southern Africa. Infor­
mation from a study of the Gulf of Mexico might be of significance for 
the elucidation of the geological history of such basins.
It is likely that the two diatom provinces existing in the Gulf 
of Mexico,along with the relative abundance of other siliceous micro­
fossils, are distinctly different enough that if they had been established 
on borehole or outcrop data for an ancient basin, there would have been 
a strong tendency to suggest a physical barrier (landmass) trending 
north-south and separating the provinces. Biostratigraphers should be 
aware that water mass characteristics can be just as effective in caus­
ing longitudinal provincial differences as the more obvious landmass 
distribution patterns.
At the more local level, the siliceous microfossil distribution 
patterns are influenced by freshwater influx. Extrabasinal effects 
of this type may be recognized in the fossil record if isochronous sam­
ples can be used for analysis. These distributional patterns may be 
helpful in establishing or confirming the location or presence of ancient 
river systems.
A further factor of importance is the suggestion, derived from a 
study of the distribution maps, that the western Gulf of Mexico water 
mass is isolated from the eastern Gulf of Mexico. The particulate 
matter derived from the Mississippi and other river systems once in the 
western Gulf possibly remains there. This could have an important 
bearing upon the effect of the major river systems in polluting the 
Gulf of Mexico environment.
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In order to more fully characterize and interpret the geographic 
distribution of the diatoms and other siliceous remains in the Gulf of 
Mexico, a survey of those organisms living in the water column and in 
nearshore benthonic and planktonic environments is necessary. This 
information could allow one to evaluate to what extent the species com­
position and distribution in the bottom sediments reflects its biocoe­
nosis. The effect of dissolution on the final siliceous assemblage 
also would be better understood.
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EXPLANATION OF PLATES
For each figure, the following information is given in the plate 
explanation:
1. binomial name and author of species or basic taxonomic 
category of unidentified taxon,
2. sample number and physiographic province,
3. slide number and X x Y coordinates, locating the specimen
4. type of optics used is SEM, plain light or phase contrast
5. approximate maginifieation and size of the bar scale,
6. all views are valular view except where mentioned.
Figure 1 
1.
Figures
2.
3.
1*.
Figure 5
5.
Figure 6
6 .
Figure 7
7.
Figures
8,
EXPLANATION OF PLATE 1
* Melosira granulata (Ehrenberg) Ralfs l86l.
Sample 1*5, Upper Mississippi Cone; slide 6782-7, 31.1 x 
103.1*1 girdle view, phase contrast, approx. 700X, bar =
10 microns.
2—U. Melosira granulata var. angustissima Muller 1899. 
Sample 27, West Rise; slide 6j6k-l, 1*3.1 x 113; girdle 
view, phase contrast, approx. 700X, bar = 10 microns.
Sample 27, West Rise; slide 6761*-!, 25.3 x 115; girdle 
view, phase contrast, approx. 1,700X, bar = 5 microns. 
Sample 52, East Gulf Plain; slide 6789-2, 29-5 x 108.3;
girdle view, plane light, approx. 1,700X, bar = 5 microns.
. Melosira islandica 0. Muller 1906.
Sample 39, Sigsbee Plain; slide 6776-8, 35.8 x 119*5;
girdle view, plane light, approx. 1,700X, bar = 5 microns.
• Paralia sulcata (Ehrenberg) Cleve 1873.
Sample 10, Texas-Louisiana Slope; slide 671*7-1, 39-8 x 
119*2; phase contrast, approx. 700 X, bar = 10 microns, 
poorly preserved specimen.
. Melosira sp. cf. M. varians Agardh 1817.
Sample 23, Campeche Slope; slide 676O-I, 1*1.1 x 118.5; 
phase contrast, approx. 700X, bar = 10 microns.
8, 9. Melosira nummuloides (Dillwym) Agardh 182U.
9. Sample 16, East Mexico Slope; slide 6753-3, 32.3 x 111*.8
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girdle view, phase contrast, approx. 1,700X, bars = 5 microns.
8. Equatorial focus. 9. High focus on girdle.
Figures 10-13. Paralia sulcata (Ehrenberg) Cleve 1873.
10. Sample 1, West Florida Slope; scanning electron photomicro­
graph, approx. 1,400X, bar = 10 microns.
11. Sample 1, West Florida Slope; slide 6738-6, 1*1 x 110.8; 
plane light, approx. 700X, bar = 10 microns.
12. Sample 27, West Rise; slide 676U-3, 30.k x 109.8; phase 
contrast, approx. 700X, bar = 10 microns.
13. Sample 21, Campeche Slope; slide 6758-12, 1*0.9 x 109; girdle 
view, plane light, approx. 1,700X, bar = 5 microns.
Figure 14. Paralia sulcata var. crenulata Grunow 1881+.
ll*. Sample 25, North Rise; slide 6762-6, 28.2 x 10l*; phase 
contrast, approx. 1,700X, bar = 5 microns.
Figures 15-17. Paralia sulcata var. indet.
15. Sample 17, East Mexico Slope; slide 675^-5, 3*1.8 x 119-8; 
plane light, approx. 1,700X, bar = 5 microns.
16. Sample 27, West Rise; slide 6761*-3, 37*2 x 119-1*; phase 
contrast, approx. 1,700X, bar = 5 microns.
17. Sample 56, Campeche Slope; slide 6865-1, 31.5 x 113.8; 
girdle view, plane light, approx. 1,700X, bar = 5 microns.
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1-U. Coseinodiscus domifactus Hendey 1957*
Sample 32, Sigsbee Plain; SEM photomicrograph; phase 
contrast, approx. 1,000X, bar = 10 microns.
Sample 10, Texas-Louisiana Slope; slide 67^7-1* 35*5 x 107.6 
phase contrast, approx. 700X, bar = 10 microns.
Sample 12, East Mexico Slope; slide 67^9-1, 25 x 113.6;
phase contrast, approx. 600X, bar = 10 microns.
Sample 17» East Mexico Slope; slide 675^-5, 38.9 x 11^.2;
phase contrast, detail of central area, approx. 1,700X, 
bar = 10 microns.
5-7* Thalassiosira oestrupii (Ostenfeld) Proskina-Lavenko 
1956.
Sample 56, Campeche Slope; SEM photomicrograph; approx. 
1+,000X, bar = 5 microns.
Sample 63, West Florida Slope; slide 6872-1, 35 x 118.8; 
phase contrast, approx. 1,700X, bar = 5 microns.
Sample 1, West Florida Slope; slide 6738-3, 29.8 x 113.1; 
phase contrast, approx. 1,700X, bar = 5 microns.
8-10. Thalassiosira decipiens (Grunow ex Van Heurck) 
Joergensen 1905*
Sample 56, Campeche Slope; SEM photomicrograph; tilt approx. 
U0°, approx. 1,600X, bar = 10 microns.
Sample 1, West Florida Slope, slide 6738-3, ^2.2 x 118; 
phase contrast. 9* Approx. 700X, bar = 10 microns.
Figures
11
12
Figure : 
13
10. Approx. 1,700X, bar = 5 microns.
11, 12. Thalassiosira eccentrica (Ehrenberg) Cleve 1903. 
Sample 56, Campeche Slope; SEM photomicrograph, approx. 
1,200X, bar = 10 microns.
Sample 1, West Florida Slope; slide 6738-PI, U0 x 115*5; 
phase contrast, approx. 700X, bar = 5 microns.
3* Stephanodiscus astrea (Ehrenberg) Grunow 1880.
Sample 12, East Mexico Slope; slide 67^9-6, 29 x 110.2 
approx. 1,700X, bar = 5 microns.
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EXPLANATION OF PLATE 3
1-k. Thalassiosira spp. indet.
Sample 22, Campeche Slope; slide 6759-8* Ul.7 x 108.2; phase 
contrast, approx. 600X, bar = 10 microns.
Sample U6, Upper Mississippi Cone; slide 6783-3, ^3.5 x 116.8 
phase contrast, approx. 600X, bar = 10 microns.
Sample 33, Sigsbee Plain; slide 6770-U, Ul.8 x 99*^; phase 
contrast, approx. 1,700X, bar = 5 microns.
Sample 1, West Florida Slope; slide 6738-3, U0.8 x 112.1; 
phase contrast, approx. 700X, bar = 5 microns.
5, 6. Coscinodiscus africanus Janisch, 1878.
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
900X, bar = 10 microns.
Sample 55, Campeche Slope; slide 686U-2, 29.1 x 112.9; phase 
contrast, approx. 700X, bar = 10 microns.
. Coscinodiscus oculus-iridis Ehrenberg l8U0.
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
800X, bar = 10 microns.
'. Coscinodiscus curvatulus var. minor (Ehrenberg)
Grunow l881t.
Sample 1, West Florida Slope; slide 6738-6, kh.6 x 113.2; 
phase contrast, approx. 1,700X, bar = 5 microns.
9, 10. Coscinodiscus cf. £. descresens Grunov ex.
Schmidt 1878.
9. Sample 28, West Rise; slide 6765-8, 29.9 x 120; phase 
contrast, approx. 1,700X, bar = 5 microns.
10. Sample 21, Campeche Slope; slide 6758-2, 26 x 106.6; plane 
light, approx. 1,700X, bar = 5 microns.
Figure 11. Coscinodiscus asteromphalus Ehrenberg 18U5•
11. Sample 5*+» Campeche Slope; slide 6863-2, 28.2 x 11*+. 6; 
phase contrast, approx. 600X, bar = 10 microns.
Figure 12. Coscinodiscus .jonesionus (Greville) Ostenfeld 1915.
12. Sample 18, East Mexico Slope; slide 6755-*+» 29.6 x 10*+. 3; 
phase contrast, approx. *+00X, bar = 10 microns.
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1-3. Coscinodiscus denarius Schmidt 1878.
Sample 56, Campeche Slope; SEM photomicrograph; approx. 700X, 
bar = 10 microns.
Sample 52, East Gulf Plain; slide 6789-53, 39.6 x 106; plane 
light, approx. 700X, bar = 10 microns.
Sample UU, Upper Mississippi Cone; slide 6781-5, 29*2 x 115; 
phase contrast, approx. U00X, bar = 10 microns.
U-6. Stephanopyxis sp. indet.
Sample 56, Campeche Slope, SEM photomicrograph, approx. 800X, 
bar = 10 microns. 1+. Valve view. 5. Specimen tilt approx. 
30°.
Sample 56, Campeche Slope; slide 6865-7, 37-2 x 108.2; phase 
contrast, approx. 700X, bar = 10 microns.
7, 8. Coscinodiscus nitidus Gregory 1857- 
Sample 69, Sigsbee Plain; SEM photomicrograph; approx.
1,600X, bar = 10 microns.
Sample 23, Campeche Slope; slide 6760-3, 1*1.2 x 119.2; phase 
contrast, approx. 700X, bar = 10 microns.
. Coscinodiscus lineatus Ehrenberg 1839.
Sample 59, East Gulf Plain; slide 6789-1*, 35.2 x 108; phase 
contrast, approx. 1,700X, bar = 5 microns.
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l-l». CoscinodiscuB nodulifer A. Schmidt 1878.
Sample 56, Campeche Slope; SEM photomicrograph; approx.
3,000X, bar = 5 microns.
Sample 35> Sigsbee Plain; slide 6772-^, 27*5 x 116.5; plane 
light, approx. 700X, bar = 10 microns.
Sample 69, Sigsbee Plain; SEM photomicrograph; approx.
1,200X, bar = 10 microns, specimen tilted showing valve and 
girdle.
Sample 5*+» East Gulf Plain; slide 6863-2, 38.9 x 10U.2; phase 
contrast, approx. 700X, bar = 10 microns.
5-7- Coscinodiscus sp. aff. £. nodulifer.
Sample 18, East Mexico Slope; slide 6755-^5, 25.8 x 105*7; 
phase contrast. 5. Whole valve, approx. 700X, bar = 10 
microns. 6. Detail of center microstructure, approx.
1,700X, bar = 5 microns. 7* Detail of margin microstructure, 
approx. 1,700X, bar = 5 microns.
8, 9* Coscinodiscus perforatus Ehrenberg 18UU.
Sample 26, North Rise; slide 6763-8, 30.2 x 103; approx.
700X, bars = 10 microns. 8. Plane light. 9. Phase 
contrast.
10, 11. Coscinodiscus oculus-iridis Ehrenberg 18U0.
Sample 2k, North Rise; slide 6761-3, 31 x 115; phase 
contrast, approx. 700X, bar = 10 microns.
Sample 12, East Mexico Slope; slide 67^9-2, U3 x 108.8; 
phase contrast, approx. 1,700X, bar = 5 microns, detail 
of center microstructure.
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EXPLANATION OF PLATE 6
1-U. Coscinodiscus radiatus Ehrenberg 18^1.
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
1,000X, bar = 10 microns.
Sample 17, East Mexico Slope; slide 675^-3, 39*8 x 110.9; 
approx. 700X, bars = 10 microns. 2. Plane light. 3. Phase 
contrast.
Sample 55, Campeche Slope; slide 686U-1, 37*1 x 10U.9; phase 
contrast, approx. 700X, bar = 10 microns.
. Cyclotella striata (Kutzing) Grunow ex Cleve and Grunow 
1880.
Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,100X, bar = microns.
. Cyclotella stylorum Brightwell 1869.
Sample 2, West Florida Slope; slide 6739-3, U3.8 x 117*9;
phase contrast, approx. J00X, bar = 10 microns.
7,8. Cyclotella stelliger Cleve and Grunow l88l.
Sample 13, East Mexico Slope; slide 6750-1, 27 x 118.8;
phase contrast. J. Approx. 700X, bar = 10 microns.
8. Approx. 1,700X, bar = 5 microns.
Cyclotella meneghiniana Kutzing l81|-h.
Sample 13, East Mexico Slope; slide 6750-1, 36 x 115.1; plane 
light, approx. 700X, bar = 10 microns.
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Figure 10. Cyclotella caspia Grunow 1878.
10. Sample 1, West Florida Slope; slide 6738-3, 36.1 x 112.5;
phase contrast, approx. 1,700X, bar = 5 microns.
Figure 11. Thalassiosira sp. indet.
11. Sample 21, Campeche Slope; slide 6758-3, 33.6 x 110.7; phase 
contrast, approx. 1,700X, bar = 5 microns.
Figures 12-lU. Actinocyclus octonarius var. crassus (Wm. Smith) 
Hendey 195^.
12. Sample 21, Campeche Slope; SEM photomicrograph; girdle view, 
approx. 2,000X, bar = 10 microns.
13. Sample 1, West Florida Slope, SEM photomicrograph, approx. 
2,000X, bar = 10 microns.
lU. Sample 2k, North Rise; slide 6761-2, 39.** x 105; plane
light, approx. 1,700X, bar = 5 microns.
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Figure 10. Cyclotella caspia Grunow 1878.
10. Sample 1, West Florida Slope; slide 6738-3, 36.1 x 112.5;
phase contrast, approx. 1,700X, har = 5 microns.
Figure 11. Thalassiosira sp. indet.
11. Sample 21, Campeche Slope; slide 6758-3, 33.6 x 110.7; phase 
contrast, approx. 1,700X, har = 5 microns.
Figures 12-lU. Actinocyclus octdnarius var. crassus (Wm. Smith) 
Hendey 195^.
12. Sample 21, Campeche Slope; SEM photomicrograph; girdle view, 
approx. 2,000X, bar = 10 microns.
13. Sample 1, West Florida Slope, SEM photomicrograph, approx. 
2,000X, bar = 10 microns.
lU. Sample 2U, North Rise; slide 6761-2 , 3 9 x 105; plane
light, approx. 1,700X, bar = 5 microns.
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1,2. Actinocyclus octonarius var. sparsus (Gregory) Hendey 
195h.
Sample 21, Campeche Slope; SEM photomicrograph; approx. 900X 
bar = 10 microns.
Sample 2k, North Rise; slide 6761-9, 37*7 x 121.2, phase 
contrast, approx. 700X, bar = 10 microns.
'• Roperia tessellata (Roper) Grunow ex Van Heurck 1883. 
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
1,200X, bar = 10 microns.
U,5. Podosira stelliger (Bailey) Mann 1907- 
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
1,000X, bar = 10 microns.
Sample 2U, North Rise; slide 676I-I, 29-8 x 103, phase 
contrast, approx. 700X, bar = 10 microns.
. Stictodiscus cf. califomicus Greville l86l.
Sample 1, West Florida Slope; slide 6738-PI, 30 x 110.5; 
phase contrast, approx. U00X, bar = 10 microns.
7,8. Stictodiscus trigonus Castracane 1886.
Sample 21, Campeche Slope; SEM photomicrograph; approx. 800X 
bar = 10 microns.
Sample 9, Texas-Louisiana Slope; slide 67^6-3, ^3.3 x 102; 
phase contrast, approx. 700X, bar = 10 microns.
Figures 9*10. Hemidiscus euneformis Wallich i860.
9. Sample 68, South Bise; SEM photomicrograph; approx. U00X, 
bar = 10 microns. In foreground Coscinodiscus nodulifer, 
in background H. euneformis, specimens tilted approx. U0°.
10. Sample 1, West Florida Slope; slide 6738-1, 30.2 x 107; 
phase contrast, approx. 700X, bar = 10 microns.
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Stictodiscus sp. indet.
Sample 23, Campeche Slope; SEM photomicrograph; approx. 600X 
har = 10 microns.
2, 3, 6. Aetinopytchus senarius (Ehrenberg) Ehrenberg 18U3. 
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
1,200X, bar = 10 microns. 2. Valve view. 3. Tilt approx. 
30°.
Sample 5^» East Gulf Plain; slide 6863-1, *t2 x 102.1; phase 
contrast, approx. 700X, bar = 10 microns.
. Aetinopytchus cf. A. senarius (Ehrenberg) Ehrenberg 18^3. 
Sample 56, Campeche Slope; SEM photomicrograph, approx.
1,600 X, bar = 10 microns.
. Actinopytchus splendens (Shadbolt) Ralfs in Pritchard l86l 
Sample 31, Sigsbee Plain; slide 6768-I, 26.6 x 103; phase 
contrast, approx. 700X, bar = 10 microns.
. Aetinopytchus sp. indet.
Sample 10, Texas-Louisiana Slope; slide 67^7-1, 25*9 x 110.1 
phase contrast, approx. 1,700X, bar = 5 microns.
. Gen. et. sp.- indet.
Sample 13, East Mexico Slope; slide 6750-6, 2k x 106.2; 
phase contrast, approx. 700X, bar = 10 microns.
Figure 9- Aulacodiscus sp. indet.
9. Sample 12, East Mexico Slope; slide 67^9-1* 36.1 x 121.5 
phase contrast, approx. 1,700X, "bar = 5 microns.
Figure 10. Eupodiscus radiatus Bailey 1851.
10. Sample 2U, North Rise; slide 6761-I, 29.2 x 102.3; phase 
contrast, approx. U00X, har = 10 microns.
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. Asterolampra grevilli (Wallich) Greville i860.
Sample 32, Sigsbee Plain; SEM photomicrograph; approx.
900X, bar = 10 microns.
2, 3. Asterolampra marylandica Ehrenberg 181*5 •
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
700X, bar = 10 microns.
Sample 55» Campeche Slope; slide 6861*-1, 39*2 x 111.2; phase 
contrast, approx. 1,700X, bar = 5 microns.
k-6. Asteromphalus flabellatus (de Brebrission) Greville 1859* 
Sample 1, West Florida Slope, SEM photomicrograph, approx. 
1,000X, bar = 10 microns.
Sample 56, Campeche Slope; slide 6865-1, 35*8 x 110.9; phase 
contrast, approx. 700X, bar = 10 microns.
Sample 21, Campeche Slope; slide 6758-12, 3k.1 x 107.5; phase 
contrast, approx. 700X, bar = 10 microns.
. Auliscus sculptus (Wm. Smith) Ralfs in Pritchard l86l.
Sample 21, Campeche Slope; slide 6758-1, 31 x 115.8; phase 
contrast, approx. 700X, bar = 10 microns.
8, 9* Bidulphia pulchella Gray 1821.
Sample 51, East Gulf Plain; SEM photomicrograph; approx.
500X, girdle view of single valve, bar = 10 microns.
Sample 52, East Gulf Plain; slide 6789-I, 32 x 99.^; plane 
light, approx. U00X, bar = 10 microns, view of one and
195
one-half frustules.
Figures 10, 13. Terpsinoe musica Ehrenberg 18U3.
10. Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,700X, bar = 10 microns, valve tilt approx. 30°.
13. Sample 21, Campeche Slope; slide 6758-6, 29.1 x 113.5; 
plane light, approx. 700X, bar = 10 microns.
Figures 11, 12. Biddulphia tuomeyi (Bailey) Roper 1859.
11. Sample 21, Campeche Slope; slide 6758-7* hi.2 x 100.6; plane
light, approx. 700X, bar = 10 microns, girdle view.
12. Sample 21, Campeche Slope; slide 6758-5, 32.5 x 102.3; plane
light, approx. 700X, bar = 10 microns.
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1, 2. Biddulphia ahtedilluvianum forma pentagona Peragallo
1897.
Sample 1, West Florida Slope; SEM photomicrograph, approx. 
900X, har = 10 microns.
Sample 21, Campeche Slope; slide 6758-1, 29-9 x 102; plane 
light, approx. 700X, har = 10 microns.
. Biddulphia sp. indet.
Sample 53, East Gulf Plain, slide 6790-1, 22.8 x 105.8; phase 
contrast, approx. 700X, har = 10 microns.
. Triceratium cinnamoneum Greville ex Van Heurck 1880.
Sample 1, West Florida Slope; slide 6738-3, 33.9 x 113; 
phase contrast, approx. 1,700X, har « 5 microns.
5, 6, 10. Biddulphia sp. indet.
Sample 2k, North Rise; slide 67^1-2, 29 x 10k.2\ phase 
contrast, approx. 700X, har = 10 microns.
Sample 52, East Gulf Plain; SEM photomicrograph, approx.
10OX, har - 10 microns, specimen tilt approx. 30°.
Sample 21, Campeche Slope; slide 6758-U, U6.2 x 102.6; plane 
light, approx. 700X, har = 10 microns.
. Triceratium favus var. indet.
Sample 21, Campeche Slope; slide 6758-2, 29 x 103.1; phase 
contrast, approx. 1*00X, har = 10 microns.
198
Figure 8. Biddulphia alternans (Bailey) Van Heurck 1883.
8. Sample 21, Campeche Slope; slide, 6758-U, 31.1 x 96.2; 
plane light, approx. 1,700X, har = 5 microns.
Figure 11. Triceratium favus Ehrenberg 1839•
11. Sample U6, Upper Mississippi Cone; slide 6783-3, Uo.5 x 109-6; 
plane light, approx. 600X, bar = 10 microns.
Figure 12. Triceratium favus var quadrata Grunow 1867•
12. Sample 12, East Mexico Slope, slide 67^9-1* 29 x 102.2; 
phase contrast, approx. 700X, bar = 10 microns.
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. Bacteriastrum elongatum Cleve 1897•
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
600X, har = 10 microns.
2, 3• Rhizosolenia bergonii Peragallo 1892.
Sample 21, Campeche Slope; slide 6758-12, 33.9 x 106.8; 
plane light, approx. 700X, bar = 10 microns.
Sample 1, West Florida Slope; slide 6738-3, 38.2 x 121.8; 
phase contrast, approx. 1,700X, bar = 5 microns.
U, 5. Rhizosolenia styliformis Brightwell 1858.
Sample 1, West Florida Slope; slide 6738-3, *+1.8 x 113.9; 
phase contrast, approx. 1,700X, bar = 5 microns. k. Low 
focus. 5* High focus.
. Cymatosira lorenziana Grunow 1862.
Sample 1, West Florida Slope; slide 6738-1, 29.3 x 102; 
phase contrast, approx. 1,700X, bar = 5 microns.
7, 8. Glyphodesmis distans (Gregory) Grunow ex Van Heurck 
1880-1885.
Sample 56, Campeche Slope; slide 6865-1, 26.8 x llU.l; 
plane light, approx. 1,700X, bar = 5 microns.
Sample 12, East Mexico Slope; slide 67^9-6, 35-5 x 112.2; 
phase contrast, approx. 700X, bar = 10 microns.
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Figure 9. Thalassionema nitzschoides var. parva Heiden 1927*
9. Sample 21, Campeche Slope; slide 6758-12, 35*2 x 108; plane 
light, approx. 1,700X, har = 5 microns.
Figures 10-12. Thalassionema nitzschoides (Grunow) Hustedt 1932.
10. Sample 1, West Florida Slope; slide 6738-6, 28.8 x 120.8; 
phase contrast, approx. 1,700X, har = 5 microns.
11. Sample 9» Texas-Louisiana Slope; slide 67^6-1, 21.8 x 116.6; 
phase contrast, approx. 700X, har = 10 microns.
12. Sample 17, East Mexico Slope; slide 675^-5, 28.9 x 102; phase 
contrast, approx. 1,700X, har = 5 microns, fragment.
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Figures 1, 2. Pseudoeunotia doliolus (Wallich) Grunow l88l.
1. Sample 1, West Florida Slope; SEM photomicrograph, approx. 
1,200X, bar = 10 microns, specimen tilt approx. 20°.
2. Sample 21, Campeche Slope; slide 6758-12, 33.8 x 106.8; 
phase contrast, approx. 700X, bar = 10 microns.
Figures 3, U. Dimerogramma furcigerum Grunow 1880.
3. Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,200X, bar = 10 microns.
U. Sample 2k, North Rise; slide 6761-9, 27.2 x 116.2; phase 
contrast, approx. 1,700X, bar = 5 microns.
Figures 5-7. Opephora schwartzi (Grunow) Petit ex Pelletan 1889.
5. Sample 23, Campeche Slope; slide 676O-I, 33 x 107-5; phase 
contrast, approx. 700X, bar = 10 microns.
6. Sample 21, Campeche Slope; slide 6758-1+, 3^.5 x 111; 
phase contrast, approx. 700X, bar = 10 microns.
7. Sample 23, Campeche Slope; slide 6760-3, 35*9 x 101.2; 
phase contrast, approx. 700X, bar = 10 microns.
Figure 8. Plagiogramma obesum Greville 1865.
8. Sample 21, Campeche Slope; slide 6758-12, 28.2 x 103; plane 
light, approx. 700X, bar = 10 microns.
Figures 9-11. Plagiogramma pulchellum var. pygmaea (Cleve) Peragallo 
1901.
9,10. Sample U0, Lower Mississippi Cone; slide 6777-7»
20U
3U x llU.9; plane light. 9* Approx. 700X, bar = 10 microns.
10. Approx 1,700X, bar = 5 microns.
11. Sample 23, Campeche Slope; SEM photomicrograph; approx.
2,000X, bar = 10 microns.
Figures 12, 13. Plagiogramma tessellatum Greville 1859•
12. Sample 23, Campeche Slope, SEM photomicrograph; approx. 700X, 
bar = 10 microns.
13. Sample 21, Campeche Slope; slide 6758-1, 27.2 x 101. plane 
light, approx. 700X, bar = 10 microns.
Figure lU. Plagiogramma sp. indet.
lU. Sample 21, Campeche Slope; slide 6758-9, 32.2 x 112.1; 
plane light, approx. 1,700X, bar = 5 microns.
Figure 15- Plagiogramma sp. indet.
15. Sample U5, Upper Mississippi Cone; slide 6782-9, ^3.9 x 108.1; 
phase contrast, approx. 700X, bar = 10 microns.
Figures l6, 17. Grammatophora oceanica (Ehrenberg) Grunow var. 
macilenta (Wm. Smith) Grunow 1867.
16. Sample Upper Mississippi Cone; SEM photomicrograph, approx. 
600X, bar = 10 microns.
17. Sample 1*9, East Gulf Plain, slide 6786-8, UU.8 x 112.9; phase 
contrast, approx. 700X, bar = 10 microns.
Figures 18-20. Eunotia spp.
18. E. sp. indet., sample 51, East Gulf Plain; slide 6788-6,
38.2 x 107.3; plane light, approx. 1,700X, bar = 5 microns.
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19. Eunotia monodon Ehrenberg 185^, sample 28, West Rise; 
slide 6765-8, 39.8 x llU.U; phase contrast, approx. 700X, 
bar = 10 microns.
20. E. sp. indet., sample 27, West Rise; slide 676U-3, 28.7 x 
120.1; phase contrast, approx. 700X, bar = 10 microns.
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Figures 1, 2. Coeconeis disculoides Hustedt 1955*
1. Sample 21, Campeche Slope; SEM photomicrograph; approx.
2,OOOX, bar = 10 microns, specimen tilt approx. 20°.
2. Sample 21, Campeche Slope; slide 6758-1*, h2.k x 102.h; plane 
light, approx. 1,700X, bar = 5 microns.
Figures 3,U. Coeconeis sp. indet. (E).
3. Sample 1*1, Lower Mississippi Cone; slide 6778-1, 27.8 x 111.3; 
phase contrast, approx. 700X, bar = 10 microns.
1*. Sample 1, West Florida Slope; slide 6738-3, 29 x 102.3; 
phase contrast, approx. 700X, bar = 10 microns.
Figure 5• Coeconeis pseudomarginata Gregory 1857•
5. Sample 2U, North Rise; slide 676l-9> 31.5 x 105.1; phase 
contrast, approx. 700X, bar = 10 microns.
Figures 6-8. Coeconeis grata A. Schmidt 1891*.
6. Sample 21, Campeche Slope; SEM photomicrograph; approx.
1,1+00X, bar = 10 microns.
7,8. Sample 21, Campeche Slope; slide 6758-U, 32.5 x 100; approx. 
700X, bars = 10 microns. 7. Phase contrast. 8. Plane 
light.
Figure 9. Coeconeis sp. indet. (B).
9. Sample 2k, North Rise; slide 6761-1, 29.8 x 101.2; plane 
light, approx. 700X, bar = 10 microns.
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Figure 10. Coeconeis sp. indet. (D).
10. Sample 52, East Gulf Plain; slide .6789-2, kh x 115.8; phase 
contrast, approx. 700X, bar = 10 microns.
Figure 11. Coeconeis sp. indet. (C).
11. Sample 52, East Gulf Plain; slide 6789-I, 29*1 x 102.3; phase 
contrast, approx. 700X, bar = 10 microns.
Figure 12. Navicula forcipata Greville 1859.
12. Sample 21, Campeche Slope; slide 6758-1, 29.2 x 101.1; plane 
light, approx. 700X, bar = 10 microns.
Figure 13. Diploneis suborbicularis (Gregory) Cleve 189^.
13. Sample 21, Campeche Slope; slide 6758-2, 28.1 x 99.2; plane 
light, approx. 700X, bar = 10 microns.
Figure lU. Navicula hennedyi var. califomica (Greville) Cleve 1895.
lU. Sample 52, East Gulf Plain; slide 6789-8, ^0.1 x 111.1;
phase contrast, approx. 700X, bar = 10 microns.
Figure 15. Navicula lyra Ehrenberg 181+3.
15. Sample 21, Campeche Slope; slide 6758-11, 35*8 x 107.6; 
phase contrast, approx. 700X, bar = 10 microns.
Figure l6. Navicula hennedyi Win. Smith 1856.
16. Sample 5^, East Gulf Plain; slide 6863-1, 31.2 x 118.9;
phase contrast, approx. 700X, bar = 10 microns.
Figures 17, 18. Navicula spectabilis var. emarginata Cleve 189 .^
17,18. Sample 21, Campeche Slope; slide 6758-U, 33*9 x llU.5; 
approx. 700X, bars = 10 microns. 17. Plane light.
18. Phase contrast.
Figure 19* Navicula cf. N. prat ext a Ehrenberg 181*0.
19. Sample 21, Campeche Slope; slide 6758-1, 29.1 x 10U.2; 
plane light, approx. 700X, bar = 10 microns.
Figures 20, 21. Navicula clavata Gregory 1856
20. Sample 21, Campeche Slope; slide 6758-1, 30.^ x 101+.3; 
plane light, approx. 700X, bar = 10 microns.
21. Sample 1, West Florida Slope; SEM photomicrograph; approx. 
700X, bar = 10 microns.
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EXPLANATION OF PLATE lU
1, 2. Navicula hennedyoides Hustedt I96U.
Sample 52, East Gulf Plain; slide 6789-I, 37.2 x 117-8; 
approx. ItOOX, "bars = 10 microns. 1. Plain light. 2. Phase 
contrast.
3, U. Navicula sp. indet.
Sample 2, West Florida Slope; slide 6739-1, 31 x lOU.l; phase 
contrast, approx. 700X, bar = 10 microns.
Sample 17, East Mexico Slope; slide 675^-3, 26.8 x 106.7; 
phase contrast, approx. 1,700X, bar = 5 microns.
. Navicula cf. N. longa Rheinhold 1937- 
Sample 53, East Gulf Plain; slide 6790-1, 30.  ^x 100.2; 
phase contrast, approx. 700X, bar = 10 microns.
6, 7- Diploneis crabro Ehrenberg 185 .^
Sample 1, West Florida Slope; SEM photomicrograph; approx. 
800X, bar = 10 microns.
Sample 55, Campeche Slope; slide 6861+-1, 3^.2 x 11^; phase 
contrast, approx. 700X, bar = 10 microns.
. Diploneis cf. D. Crabro Ehrenberg 185^.
Sample 21, Campeche Slope, SEM photomicrograph; approx. 
1,1+00X, bar = 10 microns, view of inside of valve(?)
. Diploneis guinardiana (Brun) Cleve 189^.
Sample 2k, North Rise; slide 6761-9, 38.1 x 120.9; phase
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contrast, approx. 700X, bar = 10 microns.
Figure 10. Diploneis gruendleri (A. Schmidt) Cleve l89^*
10. Sample 17> East Mexico Slope; slide 675^-7* 35. ^ x 110; phase 
contrast, approx. 700X, bar = 10 microns.
Figures 11, 12. Diploneis bombus Ehrenberg 18UU.
11. Sample 1, West Florida Slope; slide 6738-3, 32.2 x 116.1; 
plane light, approx. 700X, bar = 10 microns.
12. Sample 21, Campeche Slope; SEM photomicrograph; approx.
700X, bar = 10 microns, specimen tilt approx. 20°.
Figure 13. Diploneis weissflogi (A. Schmidt) Cleve 189^.
13. Sample 31, Sigsbee Plain; slide 6768-1, 2k.k x 11^.3; phase 
contrast, approx. 700X, bar = 10 microns.
Figure lU. Diploneis sp. indet.
lU. Sample 55> Campeche Slope; slide 686U-1, 27-8 x 116.6; phase 
contrast, approx. 700X, bar = 10 microns.
Figure 15- Diploneis elliptica (Kutzing) Cleve 189 .^
15. Sample 51» East Gulf Plain; slide 6788-I, 33.6 x 103.1; phase 
contrast, approx. 700X, bar = 10 microns.
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Figure 1. Diploneis riitescens (Gregory) Cleve 189^.
1. Sample 21, Campeche Slope; slide 6758-11> 2U.9 x 105.3;
plane light, approx. 700X, har = 10 microns.
Figure 2. Diploneis smith! (Brehisson) Cleve l89*t.
2. Sample 21, Campeche Slope; slide 6758-1, ltU.5 x 115.2; plane 
light, approx. 1,700X, har = 5 microns.
Figures 3, it. Dietyoneis marginata (Lewis) Cleve 1890.
3. Sample 1, West Florida Slope; slide 6738-3, 33 x 100.2; 
phase contrast, approx. 700X, har = 10 microns, poorly 
preserved specimen.
it. Sample 21, Campeche Slope; slide 6758-7, 27.6 x 116.5; plane
light, approx. 700X, har - 10 microns, one-half valve.
Figure 5. Trachyneis aspera (Ehrenberg) Cleve l89it.
5. Sample 21, Campeche Slope; slide 6758-1, 29.1 x 103.2; plane 
light, approx. 700X, har = 10 microns,.
Figure 6. Cymhella sp. indet.
6. Sample it5, Upper Mississippi Cone; slide 6782-9, 28.1 x 
100.2; phase contrast, approx. 700X, har = 10 microns.
Figures 7, 8. Pleurosigma strigosum Wm. Smith 1852.
7. Sample 1, West Florida Slope; SEM photomicrograph, approx.
700X, har = 10 microns.
8. Sample 55, Campeche Slope; slide 686U-2, 39-2 x 111.6;
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phase contrast, approx. 700X, har = 10 microns.
9-12. Epithemia spp.
E.. sp. indet., sample 45, Upper Mississippi Cone; slide 
6782-9, 29.2 x 112; phase contrast, approx. 1,700X, har =
5 microns.
E. sp. indet., sample 24, North Rise; slide 6761-I, 31 x 98.21 
phase contrast, approx. 700X, har = 10 microns.
E. turiga (Ehrenherg) Kutzing 1844, sample 28, West Rise; 
slide 6765-I, 26.1 x 104; plane light, approx. 700X, har =
10 microns.
E. sp. indet., sample 26, North Rise; slide 6763-8, 34.9 x 
102.3; plane light, approx. 700X, har = 10 microns.
3. Amphora decussata Grunow 1877-
Sample 21, Campeche Slope; slide 6758-4, 36.2 x 100; phase 
contrast, approx. 1,700X, har = 5 microns.
14, 15. Amphora robusta Gregory l857«
Sample 21, Campeche Slope; slide 6758-7, 33.6 x 116.6; plane 
light. 14. Approx. 700X, heir = 10 microns. 15. Approx. 
1,700X, har = 5 microns.
l6, 17. Amphora marina Van Heurck 1883.
Sample 21, Campeche Slope; slide 6758-I, 29.2 x IOU.1; plane 
light, approx. 700X, har = 10 microns.
Sample 21, Campeche Slope; SEM photomicrograph; approx.
1,100X, har = 10 microns.
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Figures 18-20. Gen. et spp. indet.
18,19. Sample 9» Texas-Louisiana Slope; slide 67U6-I, 3^.2 x 115; 
approx. 1,700X, "bars = 5 microns. 18. Plane light.
19. Phase contrast.
20. Sample 12, East Mexico Slope; slide 6jk9-2t hi.2 x 113; 
plane light, approx. 1,700X, har = 5 microns.
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EXPLANATION OF PLATE 16
1, 2. Nitzschia marina Grunow 1880.
Sample 52, East Gulf Plain; slide 6789-3, 37-8 x 107-1;
phase contrast, approx. 700X, bar = 10 microns.
Sample 52, East Gulf Plain, slide 6789-I, 29.1 x 102.1;
plane light, approx. ItOOX, bar = 10 microns.
• Nitzschia cf. N. delicatissima Cleve 1897- 
Sample 56, Campeche Slope; slide 6865-1, 28.2 x 101; phase 
contrast, approx. 1,700X, bar = 5 microns.
. Nitzschia sp. indet.
Sample 56, Campeche Slope; slide 6865-1, 35 x 113.2; phase 
contrast, approx. 700X, bar = 5 microns, fragment.
Nitzschia seriata Cleve 1883.
Sample 33, Sigsbee Plain; slide 677O-I, 39-2 x 119.2; phase 
contrast, approx. 700X, bar = 10 microns.
. Nitzschia antillarum (Cleve) Meister 1937- 
Sample 12, East Mexico Slope; slide 67^9-6, 29-7 x 110.lt; 
phase contrast, approx, 1,700X, bar = 5 microns.
7-9- Hantzschia amphioxys (Ehrenberg) Wm. Smith 1877- 
Sample 35, Sigsbee Plain; slide 6772-1, 22.8 x 106.lt; phase 
contrast, approx. 1,700X, bar = 5 microns. 7- High focus.
8. Low focus.
Sample 39, Sigsbee Plain; slide 6776-8, 29-2 x 102.2;
plane light, approx. 1,700X, bar = 5 microns.
Figure 10. Nitzschia panduriformis Gregory 1857•
10. Sample 21, Campeche Slope; slide 6758-1, 29-2 x 103.1; plane 
light, approx. 700X, bar = 10 microns.
Figures 11, 12. Nitzschia sp. indet. (E).
11. Sample 21, Campeche Slope; slide 6758-12, 30.3 x 108; plane 
light, approx. 1,700X, bar = 5 microns.
12. Sample 1, West Florida Slope; slide 6738-3, hi.2 x 109.2;
phase contrast, approx. 1,700X, bar = 5 microns.
Figure 13. Nitzschia sp. indet.
13. Sample 21, Campeche Slope; slide 6758-1, 29.1 x 103; plane 
light, approx. 700X, bar = 5 microns.
Figures lb, 15. Nitzschia (Fragilariopsis) kerguelensis (O'Meara) 
Hustedt 1952.
lU,15. Sample 6b, Texas-Louisiana Slope; slide 6873-1, U7.8 x 115.8
approx. 1,700X, bars = 5 microns. lU. Plane light.
15. Phase contrast.
Figures l6, 17. Surirella spp.
16. EL sp. indet., sample 21, Campeche Slope; SEM photomicro­
graph; approx. 800X, bar = 10 microns.
17. EL sp. indet., sample 56, Campeche Slope; slide 6865-7,
U0 x 112.2; plane light, approx. 700X, bar = 10 microns.
Figures 18, 19. Campylodiscus brightwelli Grunow 1862.
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18. Sample 56, Campeche Slope; slide 6865-1, 25*2 x 111.2; phase 
contrast, approx. 700X, har = 10 microns.
19- Sample 2H, North Rise; slide 6761-1, 29.2 x 96.7; plane 
light, approx. 700X, har = 10 microns.
Figure 20. Campylodiscus sp. indet.
20. Sample 1, West Florida Slope; slide 6738-6, 38 x 126.2; 
plane light, approx. 700X, har = 10 microns.
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EXPLANATION OF PLATE 17 
• Coscinodiscus sp. indet.
Sample 39, Sigsbee Plain; slide 6776-8, 30.6 x 111.7; 
plane light, approx. 700X, bar = 10 microns.
Gen. et sp. indet.
Sample 2b, North Rise; slide 6761-I, 29.3 x 101; phase 
contrast, approx. 700X, bar = 10 microns.
Gen. et sp. indet.
Sample 21, Campeche Slope; slide 6758-2, 35*6 x 10U.U; 
plane light, approx. 700X, bar - 10 microns.
Glyphodesmis williamsoni (Wm. Smith) Grunow forma 
inflata Kolbe, 195b.
Sample 53, East Gulf Plain; slide 6790-1, 32.3 x 112.1; 
phase contrast, approx. 700X, bar = 10 microns.
. Amphora sp. indet.
Sample U9 , East Gulf Plain; slide 6786-I, 29.1 x 102.1; 
plane light, approx. 700X, bar = 10 microns.
Gen. sp. indet.
. Triceratium sp. indet.
Sample b9, East Gulf Plain; slide 6786-8, U0.8 x 105-2; 
plane light, approx. 700X, bar = 10 microns.
. Triceratium sp. indet.
223
8. Sample it9, East Gulf Plain; slide 6786-2, 26.8 x 112.2;
phase contrast, approx. 700X, bar = 10 microns.
Figure 9- Gen. et sp. indet.
9. Sample 53, East Gulf Plain; slide 6790-1, 32.8 x 110.2;
phase contrast, approx. 700X, bar = 10 microns.
Figure 10. Fragilaria tenuicollis Heiberg 1863.
10. Sample 21, Campeche Slope; slide 6758-12, 33.6 x 105.3; 
plane light, approx. 700X, bar = 10 microns.
Figures 11, 12. Chaetoceros spines.
11. Sample 2U, North Rise; slide 6761-3, 37 x 111.5; plane 
light, approx. itOOX, bar = 10 microns.
12. Sample 21, Campeche Slope; slide 6758-1, 29.2 x 103.1; plane 
light, approx. itOOX, bar = 10 microns.
Figure 13. Achanthes sp. indet.
13. Sample 21, Campeche Slope; slide 6758-12, it 3 x 105-3; plane
light, approx. 1,700X, bar = 5 microns.
Figures lit, 15. Ethmodiscus sp. fragments.
lit. Sample 2U, North Rise; slide 6761-6, 39*6 x 111.6; phase 
contrast, approx. itOOX, bar = 10 microns.
15- Sample 52, East Gulf Plain; slide 6789-2, 29-1 x 111.2; phase
contrast, approx. 700X, bar = 10 microns.
22k
P L A T E  17
llilllll
225
EXPLANATION OF PLATE 18
Figures 1-7* Chrysophyte cysts (all equatorial focus).
1,2. Form 1. 1. Sample 23, Campeche Slope; slide 6760-1,
29 x 112.8; plane light, approx. 1,700X, har = 5 microns.
2. Sample 28, West Rise; slide 6765-I; 3b.2 x 116.2; plane 
light, approx. 1,700X, har = 5 microns.
3,h. Form 2. Sample 26, North Rise; slide 6763-I, 39-9 x 116.7;
approx. 1,700X, har = 5 microns. 1. Plane light.
2. Phase contrast.
5. Form 3. Sample 28, West Rise; slide 6765-3, 32.U x 106.2;
plane light, approx. 1,700X, har = 5 microns.
6. Form k. Sample 35, Sigshee Plain; slide 6772-1, 29-1 x 110;
plane light, approx. 1,700X, har = 5 microns.
7. Form 5- Sample 18, East Mexico Slope; slide 6755-1, U5.^ x
llU.l; plane light, approx. 700X, har = 10 microns.
Figures 8-l6. Diatom Resting Spores.
8,9- Sample 69, Sigshee Plain; SEM photomicrographs; approx.
1,600X, har = 10 microns. 8. Approx. 5° tilt. 9* Approx. 
^0° tilt.
10. Sample UU, Upper Mississippi Cone; SEM photomicrograph;
approx. 2,000X, har = 10 microns, specimen tilt approx. 20°.
11. Sample 21, Campeche Slope; slide 6758-1, 29 x 113.3; plane 
light, approx. 700X, har = 10 microns, specimen tilt 
approx. 1*0°.
12. Sample 21, Campeche Slope; slide 6758-12, 26.2 x 106.1;
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plane light, approx. 700X, har = 10 microns.
13. Sample 21, Campeche Slope; slide 6758-1, Uo.U x 10U.2; plane 
light, approx. 600X, bar = 10 microns. 
lU. Sample 31, Sigsbee Plain; slide 6768-1, 29.1 x 112.3; phase 
contrast, approx. 700X, bar = 10 microns.
15. Sample 1, West Florida Slope; slide 6738-3, 30.3 x 113.2;
phase contrast, approx. J00X, bar - 10 microns.
16. Sample 17, East Mexico Slope; slide 675^-7, 33*5 x 10U.8;
plane light, approx. 1,700X, bar = 5 microns.
Figures 17, 18, 21. Pyrrophytic cyst, Actiniscus sirius Ehrenberg
185U.
17. Sample 25, North Rise; slide 6762-6 , 26.3 x 108.8; plane 
light, approx. 700X, bar = 10 microns.
18. Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,600X, bar = 10 microns.
21. Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,600X, bar = 10 microns.
Figures 19, 20. Siliceous sclerite(phytolith)?
19. Sample 21, Campeche Slope; slide 6758-1, 29.3 x 103.^; 
plane light, approx. 700X, bar = 10 microns.
20. Sample 56, Campeche Slope; SEM photomicrograph; approx.
800X, bar = 10 microns.
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Figures 1-11. Phytoliths.
1. Sample 21, Campeche Slope; slide 6758-1, 31.3 x 97*6; plane 
light, approx. 700X, har = 10 microns.
2. Sample 2k, North Rise; slide 6761-2, 29.1 x 110; phase 
contrast, approx. 700X, har = 10 microns.
3. Sample 21, Campeche Slope; slide 6758-10, 30.2 x 111.6; 
plane light, approx. 700X, har = 10 microns.
k. Sample 12, East Mexico Slope; slide 67^9-2, 3^1 x 120;
phase contrast, approx. 700X, har = 10 microns.
5. Sample 17, East Mexico Slope; slide 675^-5, 29.2 x 118.U;
phase contrast, approx. 700X, har = 10 microns.
6. Sample 52, East Gulf Plain; slide 6789-3, U2.1 x 110.2;
phase contrast, approx. 700X, har = 10 microns.
7. Sample 39* Sigshee Plain; slide 6776-1, 33 x 10H.2; plane
light, approx. 70OX, har = 10 microns.
8. Sample 1, West Florida Slope; SEM photomicrograph; approx.
1,000X, har = 10 microns.
9. Sample 12, East Mexico Slope; slide 67^9-2, k2 x llU.6;
phase contrast, approx. 600X, har = 10 microns.
10. Sample 36, Sigshee Plain; slide 6773-7, 23.3 x 112.2; plane 
light, approx. 700X, har = 10 microns.
11. Sample UU, Upper Mississippi Cone; SEM photomicrograph;
approx. 1,000X, har = 10 microns.
Figures 12-19, 21. Spore-Pollen.
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12. Sample 10, Texas-Louisiana Slope; slide 671+7-1, 29 x 116.1; 
plane light, approx. 700X, "bar = 10 microns.
13- Sample 67, Texas-Louisiana Slope; slide 6876-2, 26.1 x 109.6; 
plane light, approx. 700X, bar = 10 microns.
lU. Sample 6, Texas-Louisiana Slope; slide 671+3-2, 37 x 120.6; 
plane light, approx. 700X, bar = 10 microns.
15- Sample 1+0, Lower Mississippi Cone; slide 6777-7, 3U x 110; 
plane light, approx. 700X, bar = 10 microns.
16. Sample 6, Texas-Louisiana Slope; slide 671+3-1+, 30.2 x 118; 
plane light, approx. 700X, bar = 10 microns.
17. Sample 15, East Mexico Slope; slide 6752-1, 35.3 x 111.6; 
plane light, approx. 700X, bar = 10 microns.
18. Sample 61+, Texas-Louisiana Slope; slide 6873-1+, 1+3-7 x
109.1+; plane light, approx. 700X, bar = 10 microns.
19. Sample kk, Upper Mississippi Cone; slide 6781-5, 1+3 x
ll6.8; phase contrast, approx. 700X, bar = 10 microns.
21 Sample 55, Campeche Slope; slide 686U-1, 3I+ x 113.8; phase
contrast, approx. 700X, bar = 10 microns.
Figure 20. Scolecodont.
20. Sample 10, Texas-Louisiana Slope; slide 671+7-1, 32.2 x 
101.2; phase contrast, approx. 700X, bar = 10 microns.
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Figures 1-5- Dictyocha fibula Ehreriberg 1839*
1. Sample 3^, Sigsbee Plain; slide 6771-**» 31.1 x 103.2; 
plane light, approx. 700X, bar = 10 microns.
2. Sample 55 > Campeche Slope; slide 686U-1, 39-2 x 112; plane 
light, approx. 700X, bar = 10 microns.
3. Sample 55 > Campeche Slope; slide 686**-l, 2h x 112.*+; plane 
light, approx. 700X, bar = 10 microns.
h. Sample 10, Texas-Louisiana Slope; slide 67**7-l, 35*7 x 108.h 
plane light, approx. 700X, bar = 10 microns.
5. Sample 22, Campeche Slope; slide 6759-8, 35 x 110.3; plane 
light, approx. 700X, bar = 10 microns.
Figures 6, 7. Dictyocha fibula var. indet.
6,7. Sample 22, Campeche Slope; slide 6759-8, 3U.8 x llU.8;
approx. 700X, bars = 10 microns. 6. Plane light, focus on 
basal ring. 7. Phase contrast, focus on apical ring.
Figures 8, 13-16. Dictyocha messenansis Haeckel in Peters i860.
8. Sample 21, Campeche Slope; SEM photomicrograph; approx. 
1,OOOX, bar = 10 microns.
13- Sample Uo, Lower Mississippi Cone; slide 6777-2, Hit x 117; 
plane light, approx. 700X, bar = 10 microns.
1^. Sample 55, Campeche Slope; slide 686U-1, *t0 x 106.5; plane
light, approx. 700X, bar = 10 microns.
15- Sample 1, West Florida Slope; slide 6738-2, 31 x 10U.2;
plane light, approx. 700X, bar = 10 microns.
16. Sample 1, West Florida Slope; slide 6738-3, 35 x 112.2; 
phase contrast, approx. 700X, bar = 10 microns.
Figures 9» 10. Dictyocha of D. aceulata Ehrenberg l8i»0 a.
9. Sample 1, West Florida Slope; SEM photomicrograph; approx 
600X, bar = 10 microns.
10. Sample 2U, North Rise; slide 676I-I, 29.1 x 110.2; plane 
light, approx. 700X, bar = 10 microns.
Figures 11, 12. Dictyocha messenansis var. indet.-A.
11,12. Sample 1, West Florida Slope; slide 6738-6, 36.8 x 121.1 
phase contrast, approx. 700X, bar = 10 microns.
11. Focus on basal ring. 12. Focus on apical ring.
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EXPLANATION OF PLATE 21
1-U. Dictyocha stapedia Haechel 1887.
Sample 21, Campeche Slope; slide 6758-12, U2.8 x 118.5; 
phase contrast, approx. 700X, bar = 10 microns.
Sample 1, West Florida Slope; slide 6738-1, 29.1 x 110; 
phase contrast, approx. 700X, bar = 10 microns.
Sample 21, Campeche Slope; slide 6758-12, 26.5 x 105.U;
3. Phast contrast, approx. 700X, bar = 10 microns.
Plane light, approx. 1,700X, bar = 5 microns.
. Dictyocha messenansis Haeckel in Peters i860 (Aberrant 
form).
Sample 2U, North Rise; slide 6761-1, 33.8 x 11^.2; plane 
light, approx. 700X, bar = 10 microns.
. Dictyocha messenansis Haeckel in Peters i860.
Sample 63, West Florida Slope; SEM photomicrograph, approx. 
700X, bar = 10 microns, specimen tilt approx. 70°.
7, 8. Dictyocha messenansis var. indet.-B.
Sample 65, Texas-Louisiana Slope; slide 687^-2, 28.U x 115.3; 
plane light, approx. 700X, bar = 10 microns.
Sample 68, South Rise; SEM photomicrograph; approx. 800X, 
bar = 10 microns.
. Dictyocha messenansis Haeckel in Peters i860.
Sample 69, Sigsbee Plain; SEM photomicrograph; approx. 2,1+OOX, 
bar = 10 microns; broken skeleton showing tubular nature of
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the opaline silica.
Figure 10. Dictyocha sp. indet.
10. Sample UU, Upper Mississippi Cone; slide 6781-1, 25.2 x 113.2; 
phase contrast, approx. 700X, har = 10 microns; very weakly 
silicified or possibly membrane of skeleton.
Figure 11. Siliceous remain.
11. Sample 1, West Florida Slope, phase contrast, approx. U00X, 
bar = 10 microns.
Figure 12. Sclerite?
12. Sample 26, North Rise, phase contrast, approx. 700X, bar =
10 microns; these found in abundance only in this sample.
Figure 13. "Organic-like" spheres (faecal pellets?).
13. Sample 3, West Florida Slope, plane light, approx. U00X, 
bar = 10 microns.
Figure lU. Chamber infilling of microforaminifera (iron-compound).
lH. Sample 3, West Florida Slope, plane light, approx. U00X, 
bar = 10 microns.
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APPENDIX A 
SAMPLE LOCATIONS
This Appendix contains information on the location of all the 
samples used in the study. The first column headed Sample No.-L.S.U.
No. is the sample code for each sample for processing and storage. The 
L.S.U. No. is the Louisiana State University Geoscience Museum Sample 
Number assigned for archiving. The next column, labelled Core Type, 
identifies the type of sample, i.e. method of collection where, TC = 
trigger weight core, P = phleager core and PCT = piston core top. The 
Ship-Site column which follows gives reference to the ship name, cruise 
number and station for each sample location where the ship names are 
A = Atlantis, K = Kane, RC * Robert D. Conrad and V = Verna. The next 
two columns labeled North Latitude and West Longitude site the location 
of each sample respectively. The next column, Water Depth, lists the 
depth of water over each of the bottom sample locations. The last 
column labeled Physiographic Province is a verbal description of the phy­
siographic province from which the sample was collected.
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Sample No. Core Ship North West
L.S.U. No. Type Site Latitude Longitude
1-6738 TC V3-12 26°31.0f 84°53.0'
2-6739 TC V3-38 28°08.2* 86°26.2'
3-6740 TC V3-39 28°27.0' 86°33.0'
63-6872 TC VI7-8 25°20.0' 84°31.0'
4-6741 TC A185-41 27°22.5f 93°24.0'
5-6742 TC A185-42 27°34.0' 93°32.0'
6-6743 P K-99 25°53.O’ 92°23.0’
7-6744 TC V3-48 27°25.0' 90°28.4'
8-6745 TC V3-67 27°15.0' 94°10.2'
9-6746 TC V3116 27°14.5' 92°00.O'
10-6747 TC V3119 26°34.4' 92°05.O'
58-6867 TC V3-95 26°49.2' 94°08.5'
64-6873 TC V17-12 25°50.5' 92°29.O'
65-6874 TC V17-13 26°30.0' 94°37.0f
Water 
Depth(m) Physiographic Province
960 West Florida Slope
988 West Florida Slope
647 West Florida Slope
978 West Florida Slope
713 Texas Louisiana Slope
329 Texas Louisiana Slope
2388 Texas Louisiana Slope
1261 Texas Louisiana Slope
1591 Texas Louisiana Slope
1341 Texas Louisiana Slope
2037 Texas Louisiana Slope
1256 Texas Louisiana Slope
2670 Texas Louisiana Slope
1910 Texas Louisiana Slope
ro
bd
00
66-6875 TC RC9-22 26°18.5’ 94°21.0'
67-6876 TC RC9-23 26°01.O' 92°38.0'
11-6748 P Kil4 25°29.9' 95°23.5'
12-6749 P Ki20 23°17.9' 96°10.8'
13-6750 P K-141 21°23.7' 93°27.9'
14-6751 P R147 25°42.5' 95°56.0'
15-6752 TC RC9-20 25°50.9' 95°47.6*
16-6753 TC RC9-21 25°55.6* 95°57.4'
17-6754 TC RC9-27 20°33.3' 94°07.7'
18-6755 PCT RC10265 21°42.8' 95°49.8'
19-6756 PCT RC10266 22°37.4’ 96°20.4*
20-6757 TC V3123 25°48.0' 95°23.5'
21-6758 TC A18526 23°16.0I 86°25.0'
22-6759 TC V3130 23°11.8' 90°19.0'
23-6760 TC VI7-9 24°33.0' 86°51.0'
55-6864 TC V3-53 23°29.0' 89°35.O'
56-6865 TC V3-75 22°18.0' 92°00.O'
1955 Texas Louisiana Slope
2111 Texas Louisiana Slope
1626. East Mexico Slope
2537 East Mexico Slope
3169 East Mexico Slope
1086 East Mexico Slope
902 East Mexico Slope
961 East Mexico Slope
2146 East Mexico Slope
2521 East Mexico Slope
2371 East Mexico Slope
2505 East Mexico Slope
1234 Campeche Slope
1803 Campeche Slope
1966 Campeche Slope
258 Campeche Slope
1613 Campeche Slope
239
40-6777 P K-4 26°17.1' 87°00.1'
41-6778 P K-47 26°35.O' 86°25.0*
42-6779 P K-57 25°57.0’ 89°03.81
43-6780 P K-54 26°52.2' 87°24.8'
44-6781 P K-67 28°30.6' 87°39.2’
45-6782 P K-68 28°15.0' 88°22.0’
46-6783 TC RC9-17 28°00.0’ 88°59.4’
57-6866 TC V3-80 27°23.3’ 89°25.0'
59-6868 TC V3100 27°14.8' 89°04.5'
60-6869 TC V3101 27°47.O' 89°16.6'
61-6870 TC V3102 28°20.0' 89°25.0'
24-6761 P K-97 25°37.O' 93°12.0’
25-6762 TC RC9-18 25°17.3’ 91°22.0'
26-6763 TC RC9-19 25°36.0' 94°41.2'
62-6871 TC V3-124 25°23.0' 93°21.8'
27-6764 P R115 24°59.5' 95°00.91
3035 Lower Mississippi Cone
3233 Lower Mississippi Cone
3105 Lower Mississippi Cone
2805 Upper Mississippi Cone
2402 Upper Mississippi Cone
1883 Upper Mississippi Cone
1265 Upper Mississippi Cone
1984 Upper Mississippi Cone
2034 Upper Mississippi Cone
1463 Upper Mississippi Cone
797 Upper Mississippi Cone
3408 North Rise
3374 North Rise
3^05 North Rise
3508 North Rise
3576 West Rise
ro-t-
o
28-6765 P Kil8 23°17.8' 95°15.2'
29-6766 P KL27 21°18.0* 94°23.O'
30-6767 TC RC9-26 21°14.4' 95°21.6'
68-6877 TC RC10264 22°04.6' 94°49.9'
31-6768 TC V3-73 22°44.0’ 93°04.7'
32-6769 P K-87 23°32.O' 91°29.6'
33-6770 P K-91 23°27.0' 93°11.0'
34-6771 P K-93 24°04.8' 93°12.0'
35-6772 P K-94 24°14.7’ 92°15.0'
36-6773 P K-96 24°50.0' 93°12.0'
37-6774 TC V3-72 23°26.5’ 94°03.5'
38-6775 TC V17-19 23°49.O' 90°44.0I
39-6776 TC V17-20 24°02.0' 91°25.0'
69-6878 TC RC10268 24°54.2' 92°27.8'
70-6879 TC A185-30 24°22.O' 91°13.0’
47-6784 P K-8 24°32.8* 85°40.6'
3450 West Rise
3360 South Rise
2926 South Rise
3464 Sigsbee Plain
3687 Sigsbee Plain
3685 Sigsbee Plain
3760 Sigsbee Plain
3762 Sigsbee Plain
3749 Sigsbee Plain
3706 Sigsbee Plain
3746 Sigsbee Plain
3706 Sigsbee Plain
3729 Sigsbee Plain
3625 Sigsbee Plain
3700 Sigsbee Plain
3346 East Gulf Plain
ro
-tr-
I— *
48-6785 P K-26 24°08.0' 85°16.1
49-6786 P K-28 23°40.01 84°40.0
50-6787 P K-38 25°29.O' 84°55.5
51-6788 P K-44 24°50.5* 88°37.1
52-6789 P K-83 24“28.7' 89°30.9
53-6790 P K-84 25°11.0' 89°38.0
54-6863 TC V3-31 24°51.0’ 87°14.0
3430 East Gulf Plain
3373 East Gulf Plain
3428 East Gulf Plain
3505 East Gulf Plain
3572 East Gulf Plain
3573 East Gulf Plain
3374 East Gulf Plain
ro
■tr-
ro
APPENDIX B
SYSTEMATICS
The diatom genera encountered during this investigation are 
organized into a hierarchical scheme hased on morphological similari­
ties of taxa rather than on any assumed phylogentic relationships. 
Numerous suprageneric classification schemes have "been proposed for 
diatoms. Those of Schutt (1896), Hendey (1937, 196*0, and Hustedt 
(1927-1962) are most widely used. Other schemes are given by 
Patrick and Reimer (1966); and Round (1970) who comprehensively 
reviewed numerous aspects of diatom classification.
Important taxonomic works on diatoms include: Van Heurck (1885),
Cleve (189H-1895), Hustedt (1927-1965), Mills (1933, 193*0, Hendey 
(1937,196*0, Jouse (l9*+9), VanLandingham (1967) and Sheshukova- 
Poret zkaya (1967)•
The suprageneric classification of diatoms followed herein is that 
proposed by Lohman (in press, Treatise on Invertebrate Paleontology, 
Series B) as presented at the L. S. U. Palynology Short Course (1971). 
For each identified species an abbreviated chronological list of 
synonyms is given.Remarks concerning distribution are given where 
applicable.
The silicoflagellates also are classified according to skeletal 
morphology. Specific references to all silicoflagellate taxa 
published prior to 1967 may be found in Loeblich et al., (1968).
More recent important works include Ling (1970,1972), Dumitrica 
(1973a., 1973b) and Bukry and Foster (1973).
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KINGDOM PROTISTA Haeckel, 1866 
SUBKINGDON PROTOCTISTA Hogg, i860 
DIVISION CHRYSOPHYTA Pascher, 19lb 
CLASS DIATOMPHYCEAE Rabenhorst, 186U
ORDER CENTRALES Schutt 1896
Suborder Discineae Ktttzing 18U1+
Family Coscinodiscaceae Kutzing 18U1+
Subfamily Melosiroideae Kutzing 181+1+
Melosira Agardh ld2k - p. 21+9 
Par alia Heiberg 1863 - p. 252 
Ethmodiscus Castracane 1886 - p. 251 
Endictya Ehrenberg 181+5 - p. 25*+
Stephanopyxis Ehrenberg 181+5 - p. 25b 
Subfamily Thalassiosiroideae Hendey 1937 
Thalassiosira Cleve 1873 •- p. 255 
Subfamily Coscinodiscaceae Kutzing l8bb
Coscinodiscus Ehrenberg 1838 - p. 258
Actinocyclus Ehrenberg 1838 - p. 266
Cyclotella Kutzing 183I+ - p. 268
Podosira Ehrenberg l&bO - p. 270 
Stephanodiscus Ehrenberg 181+5 - p. 271 
Roperi a Grunow 1883 - P* 271
Family Hemidiscaceae Hendey 1937
Hemidiscus Wallich i860 - p. 272
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Family Actiodiscaceae Schutt 1896
Subfamily Arachnoidiscoideae Cleve 1895 
Stictodiscus Greville l86l - p. 272 
Subfamily Actinoptychoideae Schutt 1896
Actinopytchus Ehrenberg 1839 - P* 273 
Subfamily Asterolamproideae H. L. Smith 1872 
Asterolampra Ehrenberg 18^5 - p. 275 
Asteromphalus Ehrenberg 18^5 - p.276 
Suborder Eupodiscineae KUtzing 18^9
Family Eupodiscaceae Kiitzing 18U9
Subfamily Eupodiscoideae Klitzing I8U9 
Eupodiscus Bailey 1851 - P* 277 
Suborder Auliscineae Hendey 1937
Family Auliscaceae Hendey 1937
Auliscus Ehrenberg I8U3 ~ P* 277
II. ORDER BIDDULPHIALES Ktitzing 18UU
Suborder Biddulphiineae Kiitzing 18UU 
Family Biddulphiaceae
Biddulphia Gray 1831 “ P* 278 
Family Tersinoaceae Ralfs in Pritchard l86l 
Terpsinoe Ehrenberg l8Ul ~ P* 2®0 
Suborder Triceratiineae Schdtt 1896
Family Triceratiaceae Schtttt 1896 - P- 280 
Triceratium Ehrenberg 18U9 
Suborder Chaetoceriineae Ralfs in Pritchard l86l 
Family Chaetoceraceae Ralfs in Pritchard l86l
21*6
Chaetoceros Ehrenberg 181+1+ - P* 28l
III. ORDER SOLENIALES SchUtt 1896
Suborder Soleniineae Schtitt 1896
Family Bacteriastraceae Lebour 1930
Bacteriastrum Shadbolt 1853 - p.
Family Rhizosoleniaceae Schtttt 1896
Rhizosolenia Ehrenberg 181*3 - p. 282
IV. ORDER HETERALES. Placed under this order are the diatom resting 
spores, and odd fossil forms. Taxa recovered from this order are 
figured in this study but not treated systematically.
V. ORDER PEHNALES Schtitt 1896
Suborder Araphidineae Karsten 1928
Family Fragilariaceae KUtzing 181*1+
Subfamily Fragilarioideae Kilt zing 181*1*
Fragilaria Lyngbye 1819 ~ P* 283
Cymatosira Grunow 1862 - P- 283
Dimeregramma Ralfs i860 - p- 281+
Glyphodesmis Greville 1862 - p. 281*
Thalassionema Grunow ex Van Heurck 1880 - P- 285
Subfamily Campylosiroideae Lohman (in press)
Pseudoeunotia Grunow ex Van Heurck 1880 - P* 286 
Subfamily Meriodionoideae Ktitzing 181+1+
Opephora Petit 1888 - P* 286
Subfamily Diatomoideae Grunow i860
Plagiogramma Greville 1859 - P* 2^7 
Subfamily Tabellaroideae Kutzing 18UU 
Grammatophora Ehrenberg 1839 - P* 
Subfamily Licomophoroideae Kiitzing 18UU 
Podocystis Kutzing l8hh - p. 288 
Suborder Raphidioidineae Karsten 1928 
Family Eunotiaceae Kiitzing l81|l+
Subfamily Eunotiodeae Kutzing 18U1+
Eunotia Ehrenberg 1837 - P* 2®9
Suborder Monoraphidineae Karsten 1928 
Family Aehnanthaceae Kiitzing 18U1*
Subfamily Cocconeioideae Kiitzing 18UU
Coeconeis (Ehrenberg) Grunow 1868 - P
Suborder Biraphidineae Karsten 1928 
Family Naviculaceae Kiitzing l8UU
Subfamily Naviculoideae Kiitzing 18U1+ 
Kavicula Bory 1822 - P« 290 
Trachyneis Cleve 189^ “ P* 2^2 
Subfamily Pleurosigmoideae Karsten 1928 
Pleurosigma Wm. Smith 1853 ~ P* 2^3 
Subfamily Mastogloioideae Karsten 1928 
Diptyoneis Lewis 1883 "P* 2^3 
Diploneis Ehrenberg 181*0 ~ P* 29^ 
Family Cymbellaceae Agardh 1830
Cymbella Agardh 1830 ” P* 2^7
Amphora Ehrenberg 1831 - p. 297
Family Epithemiaceae Grunow i860
Epithernia deBrebisson 1838 - p. 298 
Family Nitzschiaceae Grunow i860
Subfamily Nitzchioideae Grunow i860 
Hantzschia Grunow 1877 ~ P* 299 
Nitzschia Hassal 181+5 ~ P* 299
Suborder Surirellineae Kiitzing 18U1+
Family Surirellaceae Kutzing 18UU
Subfamily Surirelloideae Kutzing l8 l^* 
Surirella Turpin 1827 ~ P* 302
Subfamily Campylodiscoideae Hendey 1937
Campylodiscus Ehrenberg l8*tl - P- 302
2*+9
Genus Melosira Agardh l B 2 h
Melosira granulata (Ehrenberg) Ralfs l86l 
Plate 1, Figure 1 
181+1 Gaillonella granulata Ehrenberg, K. Akad. Wiss. Berlin Abh., 
p. 127.
l86l Melosira granulata (Ehrenberg) Ralfs, in Pritchard, A., History 
of the Infusoria, 1+th ed., p. 820.
1928 Melosira granulata (Ehrenberg) Ralfs. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 21+9, fig. 10l+a,b.
191+1 Melosira granulata (Ehrenberg) Ralfs. Lohman, U.S. Geol. Survey
Prof. Paper 196-B, p. 61+, pi. 12, fig. 9.
Remarks. This strongly silicified freshwater species is 
extremely resistant to dissolution. Kolbe (1955*1957), Lohman (19^1) 
and Schrader (1973) have noted its presence in marine sediments. It 
is widely distributed throughout the Gulf Basin with highest 
frequencies in the deep western basin.
Melosira granulata var. angustissima Mdller 1899 
Plate 1, Figures 2-1+
1899 Melosira granulata var. angustissima Mtlller, Hedwigia Bd.
XXXVIII, p. 315, pi. 12, fig. 28.
1928 Melosira granulata var. angustissima Mtlller. Hustedt, Die 
Kieselalgen Deutschlands, Teil 1, p. 2l+9, fig. 10l+d.
Remarks. Freshwater form is widely distributed but not abundant 
in the Gulf of Mexico bottom sediments.
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Melosira islandica Mtiller 1906 
Plate 1, Figure 5 
1906 Melosira islandica Mtiller, Jahrb. f. wissensch. Bot., Bd.
XLIII, p. 56, pi. J, figs. 306.
1927 Melosira islandica Mtiller. Hustedt, Die Kieselalgen Deustch- 
lands, Teil 1, p. 253, fig. 106a.
Remarks. Freshwater species that is very rare in deep Gulf of 
Mexico bottom sediments.
Melosira nummuloides (DilTwym) Agardh l82l+
Plate 1, Figures 8,9 
1809 Conferva nummuloides Dillwym, British Confervae, p. 1*3, pi. B. 
I82U Melosira nummuloides (Dillwym) Agardh, Systema Algarum, p. 8. 
1927 Melosira nummuloides (Dillwym) Agardh. Hustedt, Die Kiesel­
algen, Teil 1, p. 232, fig. 95.
196H Melosira nummuloides (Dillwym) Agardh. Hendey, Fishery 
Investigations, Ser. IV, p. 72, pi. 1, fig. 1.
Remarks. According to Hendey (196U) this species is a common 
littoral form often found in the neritic plankton. Very rare in deep 
Gulf of Mexico bottom sediments.
Melosira sp. cf. M. vBrians Agardh 1817 
Plate 1, Figure 8 
1817 Melosira varians Agardh, Syn. Alg., p. 78.
1927 Melosira varians Agardh. Hustedt, Die Kieselalgen Deutsch­
lands, Teil 1, p. 2kl, fig. 100.
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Remarks. Poor preservation of this species made identification 
difficult. A displaced littoral form.
Genus Ethmodiseus Castracane l886
Ethmodiscus spp. Castracane 
Plate IT, Figures 1*+,15 
Remarks. Fragments from this planktonic genus are generally less 
than 100 microns in length. The fragments are similar to those 
described as E. rex (Wallich) Hendey 1953 but due to their small size 
and poor preservation distinction from E. gazellae (Janisch) Hustedt 
was difficult. Kolbe (1957, PP» 33-3*0 claims the two species can be 
differentiated by the arrangement and shape of the pores. Venrick 
(1972) recently described the morphology of Ethmodiscus. Ethmodiscus 
fragments are widely distributed though never abundant in the Gulf 
bottom sediments.
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Genus Paralia Heiberg 1863
Paralia sulcata (Ehrenberg) Cleve 1873 
Plate 1, Figures 10-13 
1838 Gallionella sulcata Ehrenberg, Die Infusionsthierchen als 
volkoiranene Organismen, p. 170, pi. 21, fig. 5- 
l8*tU Melosira sulcata (Ehrenberg) Kiitzing, Die Kieselschaligen 
Bacillarien oder Diatomeen, p. 55, pi. 2, fig. 7.
1873 Paralia sulcata (Ehrenberg) Cleve, K. Svenska akad. Handl. 
Bihang, 1/13, 7.
1856 Orthosira marina W. Smith, Synopsis of the British Diatomaceae, 
vol. 2, p. 59, pl. 53, fig. 338.
19^1 Melosira sulcata (Ehrenberg) Kiitzing. Lohman, U.S. Geol. Survey 
Prof. Paper 196-B, p. 6k, pl. 12, fig. 1.
196h Paralia sulcata (Ehrenberg) Cleve. Hendey, Fishery Investiga­
tions, Ser. IV, p. 73, pl. XXIII, fig. 5-
Remarks. Hendey (196k) considered this species to be benthonic 
but found commonly in the neritic plankton. Lohman (19^1) described 
it as fundamentally littoral but uniformly distributed throughout 
the North Atlantic. Kolbe (195^, 1955, 1957) found P. sulcata 
widespread in the equatorial Pacific, Atlantic and Indian Oceans core 
samples but not in abundant quantities. Conger (1955) noted that 
Melosira sulcata (i.e., Paralia sulcata) is a sedentary form, while 
Curl (1959) reported M. sulcata as littoral, neriticand pelagic.
Paralia sulcata is a tychopelagic form commonly found in 
sublittoral and littoral environments. The taxon is the second in 
abundance throughout the bottom sediments and highest frequencies
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correspond to areas of fresh water influx into the Gulf of Mexico 
basin.
Paralia sulcata var. crenulata Grunow 188U 
Plate 1, Figure lU 
188^ Paralia sulcata var. crenulata Grunow, Denschr. Akad. Wiss.
Wien, math-naturw., Kl., Bd. U8, p. 93.
Remarks. One or two individuals of this variety were observed 
in a few samples in the Gulf of Mexico bottom sediments.
Paralia sulcata var. indet.
Plate 1, Figures 15-17
Remarks. This is a variety of Paralia sulcata distinguished 
by a valve diameter of 8 to 12 microns. It is widely distributed 
throughout the Gulf of Mexico bottom sediments, and occurred in 
low abundance and generally associated with P. sulcata. It super­
ficially resembles Melosira recedens Schmidt figured by Lohman (1937, 
pl. 22, figs. 13,1^.).
25b
Genus Endictya Ehrenberg 181+5
Endictya oceanica Ehrenberg I85I+
185I+ Endictya oceanica Ehrenberg, Ber. Berl. Akad., p. 76.
1927 Endictya oceanica Ehrenberg. Hustedt, Die Kieselalgen Deutsch­
lands, Teil 1, p. 298, fig. 136.
1957 Endictya oceanica Ehrenberg. Kolbe, Repts. Swed. Deep-Sea Exped.,
Vol. IX, p. 33.
Remarks. Only 2 valves of this oceanic species were observed 
throughout the entire investigation. It was not seen during the data 
collection for the nested analysis of variance.
Genus Stephanopyxis Ehrenberg 181+5
Stephanopyxis sp. indet.
Plate 4, Figures b-6 
Remarks. This taxon was strongly areolate, with hexagonal 
areolae. The valve is hemispherical in shape. Except for a small 
circular area in the center of the valve the skeleton contains 
ornamentation in the form of round knobs. As a result of ths state of 
preservation this taxon could not be speciated.
Genus Thalassiosira Cleve 1873
Thalassiosira decipiens (Grunow ex Van Heurck) J8ergensen 1905
Plate 2, Figures 8-10 
1882 Coscinodiscus decipiens Grunow ex Van Heurck, Synopsis des 
diatomees Belgique, pl. 91» fig* 10.
1905 Thalassiosira decipiens (Grunow ex Van Heurck) J8ergensen, 
Hydrogr. biol. Norwegian fjords, p. 96, pl. 6, fig. 3.
1927 Thalassiosira decipiens (Grunow ex Van Heurck) JBergensen.
Heustedt, Die Kieselalgen Deutschlands, Teil 1, p.322, fig. 158 
19^1 Thalassiosira decipiens (Grunow ex Van Heurck) JBergensen.
Lohman, U.S. Geol. Survey Prof. Paper 196-B, p. 67, pl. 12, 
fig. 8.
196U Thalassiosira decipiens (Grunow ex Van Heurck) JBergensen.
Hendey, Fishery Investigations, Ser. TV, p. 87, pl. 1, fig. 5. 
Remarks. This subtropical species is characteristically found 
in the neritic plankton. Highest frequencies were observed off the 
West Florida embankment and Western Campeche embankment. Thalassio­
sira decipiens also show relatively high frequencies in the center 
and southwestern portion of the gulf basin.
Thalassiosira eccentrica (Ehrenberg) Cleve 1903 
Plate 2, Figures 11,12 
l8Ul Coscinodiscus excentricus Ehrenberg, Berlin K. Akad. Wiss., Abh 
1839, P- lU6.
1903 Thalassiosira excentrica (Ehrenberg) Cleve » Kong. Sven.
Veten.-Akad. Handl. , Ny Foljd, p. 3*+.
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1937 Thalassiosira excentricus (Ehrenberg) Cleve. Hendey, Discovery
Repts., vol. 16, p. 21*2.
19^1 Thalassiosira excentricus (Ehrenberg) Cleve. Lohman, U. S.
Geol. Survey Prof. Paper 196-B, p. 67, pi. 12, fig. 7; pi. 13, 
fig. 8.
196k Thalassiosira excentricus (Ehrenberg) Cleve. Hendey, Fishery
Investigations, Ser. IV, p. 80, pi. 2k, fig. 7.
197^ Thalassiosira excentricus (Ehrenberg) Cleve. Lohman, Verhandl.
Naturf. Ges. Basel, vol. 6k, p. 33^, pi. 1, fig. 8.
Remarks. This taxon is characteristic of the neritic plankton 
and in the Gulf of Mexico bottom sediments is found with relatively 
high frequencies on the West Florida, Campeche and Texas-Louisiana 
Slopes.
Thalassiosira oestrupii (Ostenfeld) Proskina-Lavenko 1956
Plate 2, Figures 5~7 
1900 Concinosira oestrupii Ostenfeld, Jagttag. Overflad. Temp.
Solthold. Plankt. isl. gronl. Skibsr. l899> P- 52.
1927 Concinosira Oestrupii Ostenfeld. Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. 317, fig. 155.
196k Coscinosira oestrupii Ostenfeld. Hendey, Fishery Investiga­
tions, Ser. IV, p. 89.
1973 Thalassiosira oestrupii (Ostenfeld) Proskina-Lavenko. Schrader, 
Initial Repts. D.S.D.P., vol. XVIII, p. 712, pi. 11, figs.
16-22, 26-33, 39-^5; pi. 16, fig. Ik, pi. 17, figs. 18, 19,
2k, 25.
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1973 Thalassiosira oestrupii (Ostenfeld) Proskina-Lavenko. Koizumi, 
Initial Repts. D.S.D.P., vol. XIX, p. 83^, pi. 7» fig* 27. 
Remarks: This subtropical taxon was not common in the Gulf bottom 
sediments. This species is widely distributied in the western basin 
in low abundances. T . oestrupii was most abundant in sample no. 1 on 
the West Florida Slope.
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Genus Coscinodiscus Ehrenberg 1838
Coscinodiscus africanus Janisch 1878 
Plate 3, Figures 5-6 
1878 Coscinodiscus africanus Janisch, in Schmidt, Atlas de Diato- 
maceenkinde, pi. 59 > figs. 2k,25- 
1927 Coscinodiscus africanus Janisch. Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. h28, fig. 231.
19^1 Coscinodiscus africanus Janisch. Lohman, U.S. Geol. Survey Prof.
Paper 196-B, p. 69, pi. 13, figs. k, 7, 10.
195^ Coscinodiscus africanus Janisch. Kolbe, Repts. Swed. Deep-Sea 
Exped., vol. VI, p. 217.
1955 Coscinodiscus africanus Janisch. Kolbe, Repts. Swed. Deep-Sea 
Exped., vol. VII, p. 168.
Remarks. This taxon is generally considered an equatorial 
species. It is widely distributed throughout the Gulf basin, being more 
commonly observed in the western basin.
Coscinodiscus asteromphalus Ehrenberg 18U5 
Plate 3, Figure 11 
181+5 Coscinodiscus asteromphalus Ehrenberg, K. Akad. Wiss. Berlin,
18UU, p. 77.
1927 Coscinodiscus asteromphalus Ehrenberg. Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. 1+52, fig. 250.
1937 Coscinodiscus asteromphalus Ehrenberg. Hendey, Discovery Repts. 
vol. 16, p. 2l+3.
19^1 Coscinodiscus asteromphalus Ehrenberg. Lohman, U.S. Geol.
Survey Prof. Paper 196-B, p. 70, pi. 13, fig- 11.
196U Coscinodiscus asteromphalus Ehrenberg. Hendey, Fishery
Investigations, ser. IV, p. 78, pi. 2^, fig. 2.
Remarks. This taxon was extremely rare in the bottom sediments
Coscinodiscus curvatulus var. minor (Ehrenberg) Grunow 188U
Plate 3, Figure 8
181*0 Coscinodiscus minor Ehrenberg, K. Akad. Wiss. Berlin, Phys. Abh 
1838, p. 129, pi. 1+, fig. 12e.
188U Coscinodiscus curvatulus var. minor (Ehrenberg) Grunow, Akad. 
Wiss. Wien, math.-naturwiss. Kl., Denkschr., Band U8, p. 83, 
pi. MD), figs. 8-10.
1927 Coscinodiscus curvatulus var. minor (Ehrenberg) Grunow.
Hustedt, Die Kieselalgen Deutschlands, Teil 1, p. U09, fig. 217 
191+1 Coscinodiscus curvatulus var. minor (Ehrenberg) Grunow. Lohman
U.S. Geol. Survey Prof. Paper 196-B, p. 75, pi. 15, fig. 3.
1951+ Coscinodiscus curvatulus var. minor (Ehrenberg) Grunow. Kolbe,
Repts. Swedish Deep-Sea Exped., vol. VI, p. 28.
Remarks. This taxon was extremely rare in the Gulf bottom 
sediments.
Coscinodiscus decrescens Grunow in Schmidt 1878 
Plate 3, Figures 9-10 
1878 Coscinodiscus decrescens Grunow in Schmidt, Atlas de Diato-
maceenkunde, pi. 6l, figs. 7-10.
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1927 Coscinodiscus decrescens Grunow. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. U30, fig. 233.
1937 Coscinodiscus decrescens Grunow. Hendey, Discovery Repts.,
vol. l6 , p. 2k5*
196k Coscinodiscus decrescens Grunow. Hendey, Fishery Investigations,
ser. IV, p. 77-
Remarks. Although found in low frequencies in the bottom 
sediments this taxon is observed in the western basin.
Coscinodiscus denarius Schmidt 1878 
Plate H, Figures 1-3
1878 Coscinodiscus denarius Schmidt, Atlas der Diatomaceenkinde,
pl. 57, figs. 19-21.
1927 Coscinodiscus denarius Schmidt. Hustedt, Die Kieselalgen Deutsch
lands, Teil 1, P- 399, fig. 210.
i9*a Coscinodiscus denarius Schmidt. Lohman, U.S. Geol. Survey Prof.
Paper 196-B, p. 75> pi* 15, fig. 6.
Remarks. This species is characteristic of the neritic plankton 
and its highest frequency of occurrence in the Gulf of Mexico bottom 
sediments correlates with areas of fresh water influx of the Mississippi 
and Mexican River systems.
Coscinodiscus domifactus Hendey 1957 
Plate 2, Figures 1-k 
1957 Coscinodiscus domifaetus Hendey, Jour. Roy. Micros. Soc., 
p. 39, pl. II, fig. 9.
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197k Coscinodiscus domifactus Hendey, Jouse and Kazarina, Initial 
Repts. D.S.D.P. vol. XXVII, p. 93^, pl. 2, fig. 3.
Remarks. Hendey (1957) originally described (?. domif actus from 
sediment collected from West African harbors. Jouse and Kazarina 
(197^) noted its presence in Pleistocene sediments from the Indian 
Ocean. The strongly silicious, nearly flat valve surface, large 
eccentric areolae and striate margin characterize this species.
Hendey noted that this species had an extremely uniform size, with a 
valve diameter of 33-36 microns. The Gulf of Mexico specimens also 
were extremely uniform in size with a mean of 27.5 microns and 
standard deviation of 2.25.
This common planktonic species is restricted to the western 
basin and shows highest frequency of occurrence in the southwestern 
portion of the Gulf basin.
Coscinodiscus .lonesianus (Greville) Ostenfeld 1915 
Plate 3, Figure 12 
1862 Eupodiscus .jonesianus Greville, Trans. Micr. Soc. N.S., Bd. 10, 
p. 22, pl. 2, fig. 3.
1915 Coscinodiscus .lonesianus (Greville) Ostenfeld. Dansk. Bot. Ark.
Bd. 2, Nr. U, pl. 13, fig. 7.
1927 Coscinodiscus .jonesianus (Greville) Ostenfeld. Hustedt, Die 
Kieselalgen Deutschlands, Teil 1, p. U38, fig. 239- 
196U Coscinodiscus .jonesianus (Greville) Ostenfeld. Hendey, Fishery 
Investigations, ser. IV, p. 79*
Remarks. This very large centric diatom was found in low
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abundances in the northwestern portion of the Gulf bottom sediments.
Coscinodiscus lineatus Ehrenberg 1839 
Plate U, Figure 9 
1839 Coscinodiscus lineatus Ehrenberg, K. Akad. Wiss. Berlin, Phys.
Abh., 1838, p. 129.
1927 Coscinodiscus lineatus Ehrenberg. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 392, fig. 20h.
19^1 Coscinodiscus lineatus Ehrenberg. Lohman, U.S. Geol. Survey Prof.
Paper 196-B, p. 68, pl. 12, fig. 10.
196U Coscinodiscus lineatus Ehrenberg. Hendey, Fishery Investiga­
tions, ser. TV, p. 76.
1967 Coscinodiscus lineatus Ehrenberg. Wornardt, Occa. Papers 
Calif. Acad. Sci., no. 63, p. 25.
197^ Coscinodiscus lineatus Ehrenberg. Verhandl. Naturf. Ges.
Basel, vol. 8U, p. 335, pl. 2, fig. 3.
Remarks. This planktonic taxon was uniformly found across the 
Gulf in very low frequencies.
Coscinodiscus nitidus Gregory 1857 
Plate U, Figures 7,8 
1857 Coscinodiscus nitidus Gregory, Trans. Roy. Soc. Edinb., p. ^99, 
pl. 10, fig. U5.
1926 Coscinodiscus nitidus Gregory. Hanna and Grant, Calif. Acad.
Sci. Proc., Uth ser., vol. 15, p. lUO, pl. 15, fig. 9-
1927 Coscinodiscus nitidus Gregory. Hustedt, Die Kieselalgen Deutsch­
lands, Teil 1, p. UlU, fig. 221b.
263
196^ Coscinodiscus nitidus Gregory. Hendey, Fishery Investigations, 
ser. IV, p. 76, pl. XXIII, fig. 12.
1967 Coscinodiscus nitidus Gregory. Wornardt, Calif. Acad. Sci.,
Occa. Papers, no. 63, p. 27.
Remarks. This planktonic species shows high frequency in the
East Gulf Plain and the eastern Gulf in general.
Coscinodiscus nodulifer Schmidt 1878 
Plate 5, Figures 1-1+
1878 Coscinodiscus nodulifer Schmidt, Atlas de Diatomaceekunde, 
pl. 59, figs. 21-23-
1927 Coscinodiscus nodulifer Schmidt. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 1+26, fig. 229.
191+1 Coscinodiscus nodulifer Schmidt. Lohman, U . S. Geol. Survey
Prof. Paper 196-B, p. 72, pl. ll+, figs. 3,5.
195^ Coscinodiscus nodulifer Schmidt. Kolbe, Repts. Swedish
Deep-Sea Exped., vol. VI, p. 33, pl. 3, figs. 35-37- 
1955 Coscinodiscus nodulifer Schmidt. Kolbe, Repts. Swedish
Deep-Sea Exped, vol. VII, p. 169.
1957 Coscinodiscus nodulifer Schmidt. Kolbe, Repts, Swedish
Deep-Sea Exped., vol. IX, p. 30.
196U Coscinodiscus nodulifer Schmidt. Hendey, Fishery Investiga­
tions, ser. IV, p. 77, pl. XXII, fig. 10.
Remarks. Coscinodiscus nodulifer is the most abundant species 
in the bottom sediments comprising over 37% of the total flora. This 
taxon is thickly silicified and very resistant to dissolution.
C_. nodulifer displays highest frequencies on the Lower Mississippi
2 6k
Cone and is a,bundant in the eastern Gulf in general.
Coscinodiscus aff. nodulifer 
Plate 5, Figures 5-7 
1971* Coscinodiscus aff. nodulifer A. Schmidt. Jouse and Kazarina, 
Initial Repts. D.S.D.P., vol. XXVII, p. 9^0, pl. 5, figs. 1,2. 
Remarks. This taxon resembles C_. nodulifer by the pattern of 
areolation and the presence of protruding ring near the center of the 
valve. This raised ring appears more delicate than the blunt process 
in £. nodulifer. Also at the margin of the valve, this taxon displays 
a structure with dual pores and spaced uniformly around the circum­
ference.
This taxon was widely distributed throughout the Gulf basin but 
in very low abundance.
Coscinodiscus oculus-iridis Ehrenberg 181*0 
Plate 3, Figure 7; Plate 5, Figures 10, 11 
181*0 Coscinodiscus oculus-iridis Ehrenberg, Abh. Berl. Akad., 1839,
p. 1U7.
1927 Coscinodiscus oculus-iridis Ehrenberg. Hustedt, Die Kiesel­
algen Deutschlands, Teil 1, p. ^5^, fig. 252.
1937 Coscinodiscus oculus-iridis Ehrenberg. Hendey, Discovery
Repts., vol. l6, p. 2U9 .
196h Coscinodiscus oculus-iridis Ehrenberg. Hendey, Fishery Investi­
gations, ser. IV, p. 78, pl. XXIV, fig. 1.
Remarks. £. oculus-iridis has a central rosett in the central
area, and areolae increase in size towards the outside of
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the valve.
This oceanic species shows highest relative frequencies in the 
western basin.
Coscinodiscus perforatus Ehrenberg 1844 
Plate 5, Figures 8,9 
l8UU Coscinodiscus perforatus Ehrenberg, Ber. Berl. Akad., p. 78.
1854 Coscinodiscus perforatus Ehrenberg. Ehrenberg, Mikrogeol.,
pl. 18, fig. 46.
1927 Coscinodiscus perforatus Ehrenberg. Hustedt, Die Kieselalgen
Deutschlands, Teil. 1, p. 445, fig. 245.
196k Coscinodiscus perforatus Ehrenberg. Hendey, Fishery Investi­
gations, ser. IV, p. 77*
Remarks. Only a few poorly preserved specimens were found in 
the samples studied.
Coscinodiscus radiatus Ehrenberg l84l 
Plate 6, Figures 1-4 
l84l Coscinodiscus radiatus Ehrenberg, K. Akad. Wiss. Berlin,
Phys. Abh., 1839, p. l48, pl. 3, figs. la-c.
1927 Coscinodiscus radiatus Ehrenberg. Hustedt, Die Kieselalgen,
Teil 1, p. 420, fig. 225.
1937 Coscinodiscus radiatus Ehrenberg. Hendey, Discovery Repts.
vol. 16, p. 250.
19^1 Coscinodiscus radiatus Ehrenberg. Lohman, U.S. Geol. Survey
Prof. Paper 196-B, p. 73, pl. l4, figs. 7,8.
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19^6 Coscinodiscus radiatus Ehrenberg. Hendey, Fishery Investiga­
tions, ser. IV, p. 76, pl. XXII, fig. 7-
Remarks. This cosmopolitan oceanic species displayed a high 
abundance in the western basin.
Genus Actinocyclus Ehrenberg 1838 
Actinocyclus octonarius var. crassus (Wm. Smith) Hendey 195^
Plate 6, Figures 12^lU 
1853 Eupodiscus crassus Wm. Smith, Brit. Dist. Bd. 1, p. 2h, 
pl. kt fig. 21.
1927 Actinocyclus ehrenbergii var. crassa (Wm. Smith) Hustedt, Die
Kieselalgen Deutschlands, Teil 1, p. 529, fig- 301.
195^ Actinocyclus octonarius var. crassus (Wm. Smith) Hendey,
J. mar. biol. Assc. U. K., vol. 33, p. 557- 
!95^ Actinocyclus ehrenbergii var. crassus (Wm. Smith) Hustedt, 
Kolbe, Repts. Swedisn Deep-Sea Exped., vol. VI, p. 20.
196k Actinocyclus octonarius var. crassus (Wm. Smith) Hendey,
Hendey, Fishery Investigations, ser. TV, p. 83.
Remarks. This variety characterized by a large central area, 
filled with coarse puncta arranged in radiating lines. The marginal 
zone is more clearly developed, containing a small pseudonodule with 
a strongly striate marginal rim.
This taxon is characteristic of the neritic plankton. In the 
Gulf bottom sediments this taxon displays higher frequencies over 
the Campeche and southern portion of the Mexican slopes.
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Actinocyclus octonarius var. sparsus (Gregory) Hendey 195^
Plate 7, Figure 1 
1857 Eupodiscus sparsus Gregory, Trans. Micr. Soc. Lond., N. S.,
Bd. 5, p. 81, fig. U7.
1927 Actinocyclus ehrenbergii var. sparsa (Gregory) Hustedt, Die
Kieselalgen Deutschlands, Teil 1, p. 528, fig. 300.
195^ Actinocyclus octonarius var. sparsus (Gregory) Hendey, J. mar.
biol. Assc. U. K., vol. 33, p. 557*
196k Actinocyclus octonarius var. sparsus (Gregory) Hendey, Hendey,
Fishery Investigations, ser. IV, p. 8U.
Remarks. The valve surface of this species is divided by radial 
lines of puncta which separate irregular fasciculate bundles of 
striae. This taxon is found in the neritic plankton. In the Gulf 
bottom sediments this taxon shows high abundance on the East Mexico 
Slope.
Actinocyclus octonarius var. tenellus (deBrebisson) Hendey 195*+
Plate 7, Figure 2 
185  ^ Eupodiscus tenellus deBrebisson, Mem. Soc. Imp. Sc. Nat.
Cherbourg, Bd. II, p. 257» pl. 1, fig. 9- 
1927 Actinocyclus ehrenbergii var. tenella (deBrebisson) Hustedt,
Die Kieselalgen Deutschlands, Teil 1, p. 530, fig. 302.
195*+ Actinocyclus octonarius var. tenellus (deBrebisson) Hendey,
J. mar. biol. Assc. U. K., vol. 33, p. 557- 
196h Actinocyclus octonarius var. tenellus (deBrebisson) Hendey,
Hendey, Fishery Investigations, ser. IV, p. 8U.
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Remarks. This neritic taxon was not as frequent in the 
bottom sediments as the other varieties.
The valve surface is flat and usually divided into six 
sectors of loosely fasciculate striae.
Genus Cyclotellg. Kiltzing 183*+
Cyclotella striata (Kiltzing) Grunow ex Cleve and Grunow 1880
Plate 6, Figure 5
18UU Coscinodiscus striatus Kiltzing, Die Kieselschalagen Bacillarien 
oder Diatomeen, Nordhausen, p. 131, pl. 1, fig. 8.
1880 Cyclotella striata (Kiltzing) Grunow ex Cleve and Grunow, K.
svenska Vetens, Akad., Handl. Bd. 17» No. 2, p. 119.
196h Cyclotella striata (Kiltzing) Grunow ex Cleve and Grunow, Hendey, 
Fishery Investigations, ser. IV, p. Ik.
Remarks. Cyclotella striata is commonly found in marine and 
brackish waters. £. striata shows relatively high abundance on the 
continental slopes and in the middle of the Sigsbee Abyssal Plain.
Cyclotella stylorum Brightwell i860 
Plate 6, Figure 6 
i860 Cyclotella stylorum Brightwell, Quart. Journ. Micr. Sc. Bd.
VIII, pl. 6, fig. 16.
1927 Cyclotella stylorum Brightwell. Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. 3^8, fig. 179.
Remarks. This species is rare in Gulf of Mexico bottom 
sediments.
Cyclotella caspia Grunow in Schneider 1878 
Plage 6, Figure 10
1878 Cyclotella caspia Grunow in Schneider, Naturw. Beitr. z.
Kenntn. d. Kaukasusland, p. 126, pl. k, fig. 19.
1927 Cyclotella caspia Grunow in Schneider. Hustedt, Die
Kieselalgen Deutschlands, Teil 1, p. 3k7, fig. 177- 
196k Cyclotella caspia Grunow in Schneider. Hendey, Fishery 
Investigations, ser. IV, p. 7k.
Remarks. The small brackish water species was not common 
in the bottom sediments.
Cyclotella meneghiniana Kutzing 18UU 
Plate 6, Figure 9 
181*1* Cyclotella meneghiniana Kutzing, Bac. p. 50, pl. 30, fig. 68.
1927 Cyclotella meneghiniana Kutzing. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 3^3, fig. 17^.
Remarks. This displaced taxon was not common in the Gulf
bottom sediments.
Cyclotella stelligera Cleve and Grunow l88l 
Plate 6, Figures 7,8 
l88l Cyclotella stelligera Cleve and Grunow, V.H. Syn., pl. 9^, 
figs. 22-27.
1927 Cyclotella stelligera Cleve and Grunow. Hustedt, Die Kiesel­
algen Deutschlands, Teil 1, p. 339, fig. 172.
Remarks. This displaced taxon was not abundant in the bottom
sediments.
Genus Podosira Ehrenberg l8Ho
Podosira stelliger (Bailey) Mann 1907 
Plate 7, Figures b,5 
185^ Hyalodiscus stelliger Bailey, Smithsonian Contr. Knowledge,
fol. 7, p. 10.
1907 Podosira stelliger (Bailey) Mann, Contr. U. S. Wat.
Herbarium, vol. 10, part 5> p. 2k2.
1927 Podosira stelliger (Bailey) Mann. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 286, fig. 128.
19^1 Podosira stelliger (Bailey) Mann. Lohman, U. S. Geol. Survey
Prof. Paper 196-B, pp. 6h-65, pl. 12, figs. 5,6.
196U Podosira stelliger (Bailey) Mann. Hendey, Fishery Investiga­
tions, ser. IV, p. 90, pl. 22, fig. 6.
Remarks. A benthonic form frequently found in the neritic 
plankton (tychopelagic).
Genus Stephanodiscus Ehrenberg 18L5
Stephanodiscus astraea (Ehrenberg) Grunow 1880 
Plate 2, Figure 13 
l8i+l+ Discoplea astraea Ehrenberg, Berlin Akad. Wiss. Ber., p. 267
1880 Stephanodiscus astraea (Ehrenberg) Grunow, K. svenska vetensk
akad. Handl. Band 17, no. 2, p.'llU.
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1927 Stephanodiscus astraea (Ehrenberg) Grunow. Hustedt, Die
Kieselalgen Deutschlands, Teil 1, p. 368, fig. 193.
19kl Stephanodiscus astraea (Ehrenberg) Grunow. Lohman, U. S. Geol.
Survey Prof. Paper 196-B, p. 67, pl. 12, fig. 2.
Remarks. Many authors consider this species a fresh to 
brackish-water species, although Hendey (196U) described it as a 
marine and brackish water form common on all European coasts. As 
with other fresh water forms this species was exclusively found in 
the western Gulf of Mexico basin.
Genus Roperia Grunow ex Van Heurck 1883
Roperia tessellata (Roper) Grunow ex Van Heurck 1883
Plate 7> Figure 3
1858 Eupodiscus tessellatus Roper, Quart. Jour. Micr. Sci., vol. 6, 
p. 19, pl. 3, fig. 1. 
l86l Actinocyclus tessellatus Ralfs in Pritchard, History of the 
Infusoria, Uth ed. p. 835- 
1883 Roperia tessallata (Roper) Grunow ex Van Heurck. Hustedt,
Die Kieselalgen Deutschlands, Teil 1, p. 523, fig. 297- 
19^1 Roperia tessellata (Roper) Grunow ex Van Heurck. Lohman,
U. S. Geol. Survey Prof. Paper 196-B, p. 77, pl. 16, fig. 3.
I96U Roperia tessellata (Roper) Grunow ex Van Heurck. Hendey,
Fishery Investigations, ser. IV, p. 85, pl. 22, fig. 3.
Remarks. This oceanic species was found in high abundance 
in the eastern Gulf basin.
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Genus Hemidiscus Wallich i860
Hemidiscus cuneiformis Wallich i860 
Plate 7, Figures 9,10
1860 Hemidiscus cuneiformis Wallich, London Micr. Soc. Trans., 
n. s., vol. 8, p. k2, pl. 2, figs. 3,^ .
1896 Euodia cuneiformis (Wallich) Schtttt, in Engler and Prantl, 
Natilrliche Pfalzenfamilien, Teil 1, Aht. 16, p. 100.
1927 Hemidiscus cuneiformis Wallich. Hustedt, Die Kieselalgen
Deutschlands, Teil 1, p. 90^, fig. 5^2.
19^1 Hemidiscus cuneiformis Wallich. Lohman, U. S. Geol. Survey
Prof. Paper, 196-B, p. 78, pl. 16, figs. 1,2,5.
195^ Hemidiscus cuneiformis Wallich. Kolbe, Repts. Swedish
Deep-Sea Exped., Vol. VI., p. 38, pl. IV, fig. i+8.
196U Hemidiscus cuneiformis Wallich. Hendey, Fishery Investiga­
tions, ser. IV, p. 9U, pl. 22, fig. 9*
Remarks. One of the most widely distributed species throughout 
the entire Gulf basin, Hemidiscus cuneiformis showed highest frequen­
cies in the western basin.
Genus Stictodiscus Greville l86l
Stictodiscus californicus Greville l86l 
Plate 7, Figure 6
1861 Stictodiscus californicus Greville, Trans. Micr. Soc. London, 
n.s., vol. 9, p. 79, pl. 10, fig. 1.
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1937 Stictodiscus californicus Greville. Reinhold, Nederland en
Kolonien Geol. Mijn. Gen., Verh., Geol. Ser., Dee.l 12, p. 118, 
pl. 16, figs. 1,3.
1967 Stictodiscus californicus Greville. Wornardt, Calif. Acad.
Sci. Occ. Papers, no. 63, p. 38, figs. 51*, 55.
Remarks. This neritic taxon was observed on the eastern 
Gulf basin in relatively low quantities.
Stictodiscus trigonus Castracane 1886 
Plate 7) Figures 7,8 
1886 Stictodiscus trigonus Castracane, Challenger Rept. Botany 2(l).
1937 Stictodiscus trigonus Castracane. Reinhold, Nederland en
Kolonien Geol. Mijnbouwk Genootschap, Verh., Geol. Ser.,
Deel 12.
1973 Stictodiscus trigonus Castracane. Bukry and Foster,
Initial Repts. D.S.P.D., Vol. XVI, p. 835, pl. 16, 
figs. 3-6.
Remarks. This tychopelagic taxon was found most frequently 
in the eastern gulf basin.
Genus Actinopytchus Ehrenberg 1839
Actinopytchus senarius (Ehrenberg) Ehrenberg l8U3 
Plate 8, Figures 2,3,b,6
1838 Actinopytchus senarius Ehrenberg, Die Infusionsthierchen
27b
als vollkommene Organismen, p. 172, pl. 21, fig. 6.
18^3 Actinopytchus senarius (Ehrenberg) Ehrenberg, Berlin K. Akad.
Wiss. Physikal. Abh., l8Ul, p. U00, pl. 1, fig. 27.
18UU Actinopytchus undulatus Kiltzing, Die kieselchaligen Bacillarien 
oder Diatomeen, p. 132, pl. 1, fig. U4. 
l86l Actinopytchus undulatus (Kiltzing) Ralfs, in Pritchard, A History 
of the Infusoria, Uth ed., p. 839» pl. 5, fig- 88.
1937 Actinopytchus senarius (Ehrenberg) Ehrenberg. Hendey,
Discovery Repts., vol. l6, p. 271.
19^1 Actinopytchus senarius (Ehrenberg) Ehrenberg. Lohman, U. S.
Geol. Survey Prof. Paper 196-B, p. 8l, pl. 16, fig. 9-
196k Actinopytchus senarius (Ehrenberg) Ehrenberg. Hendey,
Fishery Investigations, ser. IV, p. 95, pl. 23, figs. 1,2.
197b Actinopytchus senarius (Ehrenberg) Ehrenberg. Lohman,
Verhandl. Naturf. Ges. Basel, vol. 8U, p. 3^3, pl. H, fig. 10.
Remarks. For a detailed explanation of the synonomy see
Lohman (l9^1> pp. 80-8l). This cosmopolitan form is common in the
neritic plankton and also is present in the oceanic plankton.
Highest relative frequencies for this taxon was observed in the 
western Gulf basin.
Actinopytchus splendens (Shadbolt) Ralfs in Pritchard l86l
Plate 8, Figure 5 
185  ^ Actinosphaenia splendens Shadbolt, Trans. Micr. Soc. Lond.
N. S., Bd. II, p. 16.
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1861
1927
196k
i860
i860
1927
195k
of the 
18U5
Actinopytchus splendens (Shadbolt) Ralfs in Pritchard,
History of the Infusoria, Uth ed., p. 8U0.
Actinopytchus splendens (Shadbolt) Ralfs in Pritchard. 
Hustedt, Die Kieselalgen Deutschlands, Teil 1, p. 1+78, 
fig. 265.
Actinopytchus splendens (Shadbolt) Ralfs in Pritchard.
Hendey, Fishery Investigations, ser. IV, p. 95, pl. 22, 
fig. 1.
Remarks. Very rare in the gulf bottom sediments.
Genus Asterolampra Ehrenberg 1839 
Asterolampra grevillei (Wallich) Greville i860
Plate 9, Figure 1 
Asteromphalus grevillei Wallich, Trans. Micr. Soc. N. S.
Bd. VIII, p. 1+7, pl. 2, fig. 15.
Asterolampra grevillei (Wallich) Greville, Trans, Micr. Soc. 
N. S., Bd. VIII, p. 133, pl. 1+, fig. 21.
Asterolampra grevillei (Wallich) Greville. Hustedt, Die 
Kieselalgen Deutschlands, Teil 1, p. 1+89, fig. 27*+. 
Asterolampra grevillei (Wallich) Greville. Kolbe, Repts. 
Swedish Deep-Sea Exped., vol. VI., p. 22.
Remarks. One individual was observed in the northern portion 
Sigsbee Abyssal Plain.
Asterolampra marylandica Ehrenberg 181+5 
Plate 9, Figures 2,3 
Asterolampra marylandica Ehrenberg, K. Akad. Wiss. Berlin
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Ber. 1844, p. 76, fig. 10.
1927 Asterolampra marylandica Ehrenberg. Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. 485, figs. 470,271.
1937 Asterolampra marylandica Ehrenberg. Hendey, Discovery
Repts., vol. l6, p. 268.
195*+ Asterolampra marylandica Ehrenberg. Kolbe, Repts. Swedish
Deep-Sea Repts., vol. VI, p. 23.
1974 Asterolampra marylandica Ehrenberg. Lohman, Verhandl.
Naturf. Ges. Basel., vol. 84, p. 345, pl. 5, fig. 1.
Remarks. This oceanic species was observed in the Florida and 
Campeche Slopes and on the East Gulf Plain.
Genus Asteromphalus Ehrenberg 1845
Asteromphalus flabellatus (deBrebisson) Greville 1859 
Plate 9, Figures 4-6 
1857 Spantangidium flabellatum deBrebisson, Bull. Soc. Linn.
Normandie, Bd. II, s. 297, Taf. 3, fig. 3.
1859 Asteromphalus flabellatus Greville, Quart. Jour. Micr. Sc.
Bd. VII, s. 160, Taf. VII, fig. 4,5.
1927 Asteromphalus flabellatus Greville, Hustedt, Die Kieselalgen 
Deutschlands, Teil 1, p. 498, fig. 279-
Remarks. This taxon was widely distributed throughout the 
deep Gulf bottom sediments but never abundant.
1857
l86l
1973
1851
196U
Gulf
1853
1861
Asteromphalus arachne (deBrebisson) Ralfs, ex Pritchard l86l 
Spantangidium arachne deBrebisson, Bull. Soc. Linn. 
Normandie, Bd. II, p. 296, plate III, fig. 1.
Asteromphalus arachne (deBrebisson) Ralfs, ex Pritchard, 
Infusoria, p. 837 > plate V, fig. 66.
Asteromphalus arachne deBrebisson, Bukry, Initial Repts. 
D.S.D.P., vol. XVI, p. 833, pl. 10, figs. 2,3.
Genus Eupodiscus Bailey 1851
Eupodiscus radiatus Bailey 1851 
Plate 8, Figure 10 
Eupodiscus radiatus Bailey, Smithson. Contr. Knowl., vol. 2 
p. 39.
Eupodiscus radiatus Bailey. Hendey, Fishery Investigations 
ser. IV, p. 97, pl. 23, fig. 3.
Remarks. This large benthonic form was not abundant in the 
bottom sediments.
Genus Auliscus Ehrenberg 18U3
Auliscus sculptus (Wm. Smith) Ralfs in Pritchard l86l 
Plate 9, Figure 7
Eupodiscus sculptus Wm. Smith, Brit. Diat., Bd. 1, p. 25, 
pl. kf fig. 1*2.
Auliscus sculptus (Wm. Smith) Ralfs in Pritchard, History 
of the Infusoria, lith ed., p. 8^ 4-59 pl» 6, fig. 3.
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1927 Auliscus sculptus (Wm. Smith) Ralfs in Pritchard. Hustedt,
Die Kieselalgen Deutschlands, Teil 1, p. 516, fig. 290.
196k Auliscus sculptus (Win. Smith) Ralfs in Pritchard. Hendey,
Fishery Investigations, ser. IV., p. 98, pl. 23, fig. U. 
Remarks. This thickly silicified sublittoral taxon was rare 
in the deep Gulf of Mexico "bottom sediments.
Genus Biddulphia Gray 1831
Biddulphia pulehella Gray 1831 
Plate 9, Figures 8,9 
1831 Biddulphia pulehella Gray, A Natural Arrangement of British 
Plants, London, p. 29b.
1951 Biddulphia pulehella Gray. Hendey, J. Roy. Micr. Soc.,
vol. 71, p. 3^ .
196k Biddulphia pulehella Gray. Hendey, Fishery Investigations,
ser. IV, p. 101, pl. 25, fig. !•
Remarks. This thickly silicified tychopelagic taxon was very 
rare in the bottom sediments.
Biddulphia tuomeyi (Bailey) Roper 1859 
Plate 9, Figures 11,12 
l8^U Zygoceros tuomeyi Bailey, Am. J. Sci., vol. U6, p. 138, 
pl. 3, figs. 3-9-
1859 Biddulphia tuomeyi (Bailey) Roper, Royal Micr. Soc. Trans., 
vol. 7, P- 8, pl. 1, figs. 1,2.
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1888
197U
Gulf
1851
1883
1951
196U
1930
Biddulphia tuomeyi (Bailey) Roper. Schmidt, Atlas der 
Diatomaceenkunde, pl. 118, figs. 1-7; pl. 119, figs. 1-5. 
Biddulphia tuomeyi (Bailey) Roper. Lohman, Verhandl.
Naturf. Ges. Basel, vol. 8U, p. 3^7, pl. 5, fig. 3.
Remarks. This displaced taxon was very rare in the deep 
bottom sediments.
Biddulphia alternans (Bailey) Grtinow ex Van Heurck 1883
Plate 10, Figure 8 
Triceratium alternans Bailey, Smithson. Contr. Knowl., 
vol. 2, p. 1*0.
Biddulphia alternans (Bailey) Grunow ex Van Heurck,
Synopsis diatomees Belgique, p. 208.
Biddulphia alternans (Gailey) Grunow ex Van Heurck. Hendey,
J. Roy. Micr. Soc., vol. 71, p. 3l*, pl. 7, fig. 10.
Biddulphia alternans (Bailey) Grunow ex Van Heurck. Hendey,
Fishery Investigations, ser. IV, p. 102, pl. 25, fig. 5.
Remarks. Very rare in deep Gulf of Mexico bottom sediments.
Biddulphia antediluvianum forma pentagona Peragallo 1897
Plate 10, Figures 1,2 
Triceratium antediluvianum forma pentagona Peragallo. Hustedt, 
Die Kieselalgen Deutschlands, Teil 1, p. 812.
Remarks. Very rare in the bottom sediments.
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181+3
Mexico
1880
195*+
1955
1839
Genus TerpsinoS Ehrenberg 181+1
TerpsinoS musica Ehrenberg 181+3 
Plate 9» Figures 10,13 
TerpsinoB musica Ehrenberg, Phys. Abh. Akad. Wiss. Berl., 
plate 3, fig. 1+6.
Remarks. This littoral form was very rare in the deep Gulf of 
bottom sediments.
Genus Triceratium Ehrenberg 181+9
Triceratium cinnamoneum Greville in Van Heurck 1880 
Plate 10, Figure 10 
Triceratium cinnamoneum Greville in Van Heurck, Synopsis des 
Diatomees de Belgique, 1880-1885, pi. 126, fig. 1.
Triceratium cinnamoneum Greville in Van Heurck. Kolbe,
Repts. Swed. Deep-Sea Exped., vol. VI, p. 1+7, pi. 2, fig. 18. 
Triceratium cinnamoneum Greville in Van Heurck. Kolbe,
Repts. Swedish Deep-Sea Exped., vol. VII, p. 179.
Remarks. Very rare in the Gulf of Mexico bottom sediments.
Triceratium favus Ehrenberg 1839 
Plate 10, Figure 11 
Triceratium favus Ehrenberg, Berlin Akad. Wiss. Ber., p. 159, 
pi. 1+, fig. 10 (181+1 ).
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1883 Biddulphia favus (Ehrenberg) Van Heurck, Synopsis des 
diatomees Belgique, pi. 107, figs. 1-U.
1937 Triceratium favus Ehrenberg. Hendey, Discovery Repts.,
vol. 16, pp. 283-281*, pi. 10, figs. 2,3.
196U Triceratium favus Ehrenberg. Hendey, Fishery Investigations,
ser. IV, p. 108, pi. 25, fig. U.
1967 Triceratium favus Ehrenberg. Wornardt, Calif. Acad. Sci.
Occ. Papers, No. 63, p. 66, fig. 12l*.
Remarks. This relatively large marine benthonic diatom was _ ^
widely distributed throughout the Gulf basin, displaying highest 
frequencies on the Upper Mississippi Cone and East Mexico Slope 
associated with fresh water influx.
Genus Chaetoceros Ehrenberg 181*1+
Remarks. Parts of valves and spines of the taxon were 
observed in the bottom sediments in low abundances and are not 
treated systematically.
Genus Bacteriastrum Shadbolt 1853
Bacteriastrum sp. B. elongatum Cleve 1897 
Plate 11, Figure 1 
1897 Bacteriastrum elongatum Cleve, A treatise on the phytoplankton 
of the northern Atlantic, p. 19, pi. 1, fig. 19.
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196U Bacteriastrum elonpatum Cleve. Hendey, Fishery Investigations, 
ser. IV, p. 1^0, pi. 6, fig. 3.
Remarks. Only part of the valve and attached processes were 
observed on this specimen. This taxon was widely distributed throughout 
the Gulf bottom sediments in very low abundances.
Genus Rhizosolenia Ehrenberg 18U3
Rhizosolenia bergonii Peragallo 1892 
1892 Rhizosolenia bergonii Peragallo, Le Diatomiste, vol. 1, p. 110,
pi. 15, fig. 5.
191+1 Rhizosolenia bergonii Peragallo. Lohman, U. S. Geol. Survey
Prof. Paper 196-B, p. 8l, pi. IT, fig. 2.
196k Rhizosolenia bergonii Peragallo. Hendey, Fishery Investiga­
tions, ser. IV, p. 151, pi. 3, fig. *+.
Remarks. Only the apical spine and part of the valve were seen 
in the bottom sediments. This species was found only in the
Continental Slope region with greatest abundance on the Florida Slope.
Rhizosolenia styliformis Brightwell 1858 
Plate 11, Figures U,5 
1858 Rhizosolenia styliformis Brightwell, Quart. J. Micr. Sci.,
vol. 6, 0. 95» pl. 5» fig. 5- 
19^1 Rhizosolenia styliformis Brightwell. Lohman, U . S. Geol.
Survey. Prof. Paper, 196-B, p. 8l, pl. IT, figs. 3,U.
196k Rhizosolenia styliformis Brightwell. Hendey, Fishery 
Investigations, ser. IV, p. 150, pl. 2, fig. 1.
Remarks. This planktonic taxon was found in low abundance on 
the Florida Slope.
Genus Fragilaria Lyngbye 1819
Fragilaria tenuicollis Heiberg., 1863 
Plate 17, Figure 10 
1863 Fragilaria tenuicollis Heiberg, Consp. crit. diat. dan. p. 62 
pl. V, fig. XIII.
1931 Fragilaria tenuicollis Heiberg. Hustedt, Die Kieselalgen 
Deutschlands, Teil 2, p. 153, fig. 667.
Remarks. This displaced species is very rare in Gulf bottom 
sediments.
Genus Cymatosira Grunow 1862
Cymatosira lorenziana Grunow 1862 
Plate 11, Figure 6 
1862 Cymatosira lorenziana Grunow, Verh. zool.-bot. Ges. Wien,
Bd. 12, p. 378, pl. kt fig. 25.
1931 Cymatosira lorenziana Grunow, Hustedt, Die Kieselalgen 
Deutschlands, Teil 2, p. 127, fig* 6U8.
Remarks. A displaced sublittoral taxon.
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Genus Dimeregramma Ralfs i860
Dimeregramma furcigerum Grunow 1880 
Plate 12, Figures 3,1+
1880 Dimeregramma furcigerum Grunow, V.H. Syn., pl. 36, fig. 8.
1931 Dimeregramma furcigerum Grunow. Hustedt, Die Kieselalgen
Deutschlands, Teil 2, p. 122, fig. 61+1+.
Remarks. A displaced littoral taxon.
Genus Glyphodesmis Greville 1862
Glyphodesmis distans (Gregory) Grunow ex Van Heurck 1885 
Plate 11, Figures 7,8 
1857 Denticula distans Gregory, Trans. Roy. Soc. Edinb., vol. 21, 
p. 1+95, pl. 10, fig. 36.
1885 Glyphodesmis distans (Gregory) Grunow ex Van Heurck, Treatise 
on the Diatomacea, pl. 36, figs. 15,l6.
1931 Glyphodesmis distans (Gregory) Grunow ex Van Heurck. Hustedt,
Die Kieselalgen Deutschlands, Teil 2, p. 125, fig. 61+7.
196U Glyphodesmis distans (Gregory) Grunow ex Van Heurck. Hendey,
Fishery Investigations, ser. TV, p. 156, pl. XXVII, fig. 6.
Remarks. A displaced littoral taxon.
Glyphodesmis williamsonii (Wm. Smith) Grunow f. inflata Kolbe 195^
Plate 17, Figure 1+
1951+ Glyphodesmis williamsonii (Wm. Smith) Grunow f. inflata Kolbe,
Repts. Swedish Deep-Sea Exped., Vol. VI, p. 38, pl. Ill, fig. 33.
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Genus Thalassionema Grunow ex Van Heurck 1880
Thalassionema nitzschoides (Grunow) Hustedt 1932 
Plate 11, Figures 10-12 
1862 Synedra nitzschoides Grunow, Ver. zool-bot. Gesell. Wien,
Bd. 12, p. 403.
l88l Thalassiothrix nitzschoides Grunow (Synedra Grunow I.e.) in 
Van Heurck, Synopsis diatomees Belgique, pl. 43, figs. 7-10. 
1932 Thalassionema nitzschoides (Grunow) Hustedt, Die Kieselalgen, 
Tiel 2, p. 244, fig. 755.
1970 Thalassionema nitzschoides Grunow. Lohman, Verhandl. Naturf. 
Ges. Basel, vol. 84, p. 353.
Remarks. This neritic planktonic taxon was widely 
distributed throughout the Gulf bottom sediments.
Thalassionema nitzschoides var. parva Heiden 1927 
Plate 11, Figure 9 
1927 Thalassionema nitzschoides var. parva Heiden and Kolbe, 
Deutsch. Subpol. Exp. Bd. VIII, p. 564, pl. 5, fig. 118. 
1954 Thalassionema nitzschoides var. parva Heiden, Kolbe, Repts. 
Swed. Deep-Sea Exped. vol. VI, p. 46.
Remarks. This small variety is rarely found throughout the 
Gulf bottom sediments.
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Genus Pseudoeunotia Grunow in Van Heurck 1880
Pseudoeunotia doliolus (Wallich) Grunow l88l 
Plate 12, Figures 1,2 
i860 Synedra doliolus Wallich, Micr. Soc. London Trans., new ser.,
vol. 8, p. L8, pl. 2, fig. 19. 
l88l Pseudoeunotia doliolus (Wallich) Grunow, in Van Heurck,
Synopsis diatomees Belgique, pl. 35, fig- 22.
1932 Pseudoeunotia doliolus (Wallich) Grunow. Hustedt, Die
Kieslalgen Deutschlands, Teil 2, p. 259, fig- 737.
19^1 Pseudoeunotia doliolus (Wallich) Grunow. Lohman, U. S. Geol.
Survey Prof. Paper 196-B, p. 83, pl. 17, figs. 12,13.
1955 Pseudoeunotia doliolus (Wallich) Grunow. Kolbe, Repts.
Swedish Deep-Sea Exped., vol. VII, p. 176.
Remarks. This planktonic taxon was extremely rare in the Gulf 
of Mexico bottom sediments and found only on the Florida Slope.
Genus Opephora Petit 1888
Opephora schwartzii (Grunow) Petit in Pelletan 1889 
Plate 12, Figures 5-7 
1863 Fragilaria schwartzii Grunow, Ver. zool-bot. Gesell. Wien 
Bd. XIII, p. lU3.
1897 Opephora schwartzii (Grunow) Peragallo, Diatomees marines de 
France, p. 327, pl- 83, figs. 1,2.
1955 Opephora schwartzii (Grunow) Peragallo. Kolbe, Repts. 
Swedish Deep-Sea Exped., vol. VI, p. 175-
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196U
water.
1865
1859
1901
1931
in low 
1859
Opephora schwartzii (Grunow) Petit in Pelletan, Hendey,
Fishery Investigations, ser. IV, p. 159 > Pl. XXXVI, figs. 8-9. 
Remarks. A marine littoral form displaced from shallow
Genus Plagiogramnia Greville 1859
Plagiogramma ohesum Greville 1865 
Plate 12, Figure 8 
Plagiogramma obesum Greville; Trans. Micro. Soc. London,
N.S., vol XIII, plate 10, fig. 2.2.
Plagiogramma pulchellum var. pygmaea Greville Peragallo 1901
Plate 12, Figures 9-11 
Plagiogramma pulchellum var. pygmaea Greville, Quart. Jour.
Micr. Soc., vol. 7, p. 211, pl. 10, fig. 11.
Plagiogramma pulchellum var. pygmaea (Greville) Peragallo,
Diat. Mar. de France, p. 338, pl. 82, fig. 3.
Plagiogramma pulchellum var. -pygmaea (Greville) Peragallo. 
Hustedt, Die Kieselalgen Deutschlands, Teil 2, p. 109, fig. 63k. 
Remarks. This small benthonic taxon was widely distributed 
abundances throughout the Gulf bottom sediments.
Plagiogramma tessellatum Greville 1859 
Plate 12, Figures 12,13 
Plagiogramma tessellatum Greville, Quart. Jour. Micr. Soc.,
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vol. 7, p. 208, pl. 10, fig. 7*
1926 Plagiogramma tessellatum Greville. Hanna and Grant, Calif.
Acad. Sci. Proc. , kth ser., vol. 15, p. 162, pl. 19, fig- 10. 
197*+ Plagiogramma tessellatum Greville. Lohman, Verhandl. Naturf.
Ges. Basel, vol. 8k, p. 35k, pl. 6, fig. k.
Remarks. This is a displaced henthonic taxon.
Genus Grammatophora Ehrenberg 1839 
Plate 12, Figures 16-17
Remarks. The specimens observed from this taxon in the 
Gulf of Mexico sediments were poorly preserved and hence specific 
identification was not possible. The two specimens illustrated are 
similar to G_. oceanica (Ehrenberg) Grunow var. macilenta (W. Smith) 
Grunow.
Genus Podocystis Ktttzing l8kk
Podocystis adriatica (Ktitzing) Ralfs in Pritchard l86l 
l8kk Surirella (Podocystis) adriatica Kdtzing, Die Kieselschaligen 
Bacill. oder Diatomeen, p. 62, pl. 30, fig. 80. 
l86l Podocystis adriatica (Ktttzing) Ralfs in Pritchard, Hist.
Infusoria, p. 772.
196k Podocystis adriatica (Ktttzing) Ralfs in Pritchard. Hendey, 
Fishery Investigations, ser. IV, p. 169, pl. XXVII, fig. k. 
Remarks. This benthonic taxon was very rare in the bottom 
samples of the Gulf of Mexico.
Genus Eunotia Ehrenberg 1837 
Eunotia spp.
Plate 12, Figures 18-20 
Remarks. Specimens observed from this genus were in general
poorly preserved and scarce. Representatives from this genus are
littoral or displaced fresh-water forms.
Genus Cocconeis (Ehrenberg) Grunow 1868 
Cocconeis disculoides Hustedt 1955 
1955 Cocconeis disculoides Hustedt, Duke Univ. Mar. Stat. Bull.
No. 6, p. 17, pl. 5, figs. 8-11, pl. 7, fig- i-
196b Cocconeis disculoides Hustedt. Hendey, Fishery Investiga­
tions, ser. IV, p. 178, pl. XXVIII, figs. 21,22.
Remarks. This is a displaced sessile sublittoral taxon.
Cocconeis grata Schmidt 189^
Plate 13, Figures 6-8 
189  ^ Cocconeis grata Schmidt, Atl., fig. 190, fig. 36, pl. 192, 
fig. 65.
1933 Cocconeis grata Schmidt, Hustedt, Die kielselalgen 
Deutschlands, Teil 2, p. 3Ul, fig. 795.
Remarks. This displaced taxon is widely distributed but in
low abundances in the Gulf sediments.
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Cocconeis pseudomarginat a Gregory 1857 
Plate 13, Figure 5 
1857 Cocconeis pseudomarginata Gregory, Edin. Roy. Soc.
Trans., vol. 21, p. 122, fig. 3.
197*+ Cocconeis pseudomarginata Gregory. Jouse and Kazarina, 
Initial Repts. D.S.D.P., XXVII, p. 932, pl. 1, fig. 11.
Genus Navicula Bory 1822
Navicula clavata Gregory 1856 
Plate 13, Figures 20,21 
1856 Navicula clavata Gregory, Trans, micr. Soc. Lond., n.s., 
vol. U, p. 1+6, pl. 5, fig. 17.
196U Navicula clavata Gregory. Hendey, Fishery Investigations,
ser. IV, p. 212, pl. XXXV, fig. 13.
Remarks. Most species of this genus observed in the Gulf 
bottom sediments are displaced forms from littoral marine and fresh­
water environment.
Navicula forcipata Greville 1859 
Plate 13, Figure 12 
1859 Navicula forcipata Greville, Quart. Jour. Micr. Soc., 
vol. 7 , p. 83, pl. 6, figs. 10,11.
1951 Navicula forcipata Greville. Hendey, J. R. Micr. Soc.,
vol. 71, p. *+8, pl. 12, fig. 1.
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1964
1856
1964
1859
1895
1843
1958
1964
Navicula hennedyoides Hustedt 1964 
Plate l4, Figures 1,2 
Navicula hennedyoides Hustedt. Die Kieselalgen Deutschlands,
Teil 3, p. 396, figs. 14-19.
Navicula hennedyi W. Smith 1856 
Plate 12, Figure l6 
Navicula hennedyi W. Smith, Synopsis of British Diatomaceae, 
p. 93.
Navicula hennedyi W. Smith. Hendey, Fishery Investigations, 
ser. IV, p. 212, pl. XXVIII, fig. l4.
Navicula hennedyi var. californica (Greville) Cleve 1895
Plate 13, Figure 14 
Navicula californica Greville, Trans. Bot. Soc. Edinh., 
p. 248, pl. 5, fig. 5-
Navicula hennedyi var. californica (Greville) Cleve. Akad.
Handl., Part I, Bandet 26, No. 2, p. 58.
Navicula lyra Ehrenberg 1843 
Plate 13, Figure 15 
Navicula lyra Ehrenberg, Abh. der Kongiglichen Akad. Wiss.
Berlin, p. 419.
Navicula lyra Ehrenberg. Hendey, J. R. Micr. Soc., 
vol. 73, p. 59.
Navicula lyra Ehrenberg. Hendey, Fishery Investigations, ser. IV, 
p. 209, pl. XXXIII, fig. 2.
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1958
1961*
18U0
1857
1961*
189!*
1933
Navicula lvroides Hendey 1958 
Navicula lyroides Hendey, M. R. Micr, Soc., vol. 73, p. 60, 
pl. 5, fig. 3.
Navicula lyroides Hendey. Hendey, Fishery Investigations 
ser. IV, p. 209, pl. XXXIII, figs. 3-1*.
Navicula praetexta (Ehrenberg) Gregory 1857 
Plate 13, Figure 19 
Pinnularia praetexta Ehrenberg, Bericht. Akad. Wiss. Berlin,
p. 21**.
Navicula praetexta (Ehrenberg) Gregory, Trans. Roy. Soc. 
Edinb., p. l*8l, pl. 9» fig. U.
Navicula praetexta Ehrenberg. Hendey, Fishery Investigations, 
ser. IV, p. 213, pl. XXXIII, fig. 1.
Navicula spectabilis var. emarginata Cleve 189I+
Plate 13, Figures 17,18 
Navicula spectabilis var. emarginata Cleve, Synopsis of 
Naviculoid diatoms, p. 87.
Navicula spectabilis var. emarginata Cleve. Hustedt,
Die Kieselalgen Deutschlands, Teil 2, p. 1*77, fig. 1531*.
Genus Trachyneis Cleve I89I+
Trachyneis aspera (Ehrenberg) Cleve I89I* 
Plate 15, Figure 5
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181*0
1891*
1961*
badly
1852
1957
1890
1937
Havicula aspera Ehrenberg, Beriche Akad. Wiss. Berlin, 
p. 213.
Trachyneis aspera (Ehrenberg) Cleve, Synopsis of Naviculoid 
Diatoms, p. 191.
Trachyneis aspera (Ehrenberg) Cleve var. aspera Hendey, 
Fishery Investigations ser. IV, p. 236, pl. XXIX, fig. 13.
Genus Pleurosigma Wm. Smith 1853
Pleurosigma spp.
Remarks. Most representatives from this displaced taxon were 
dissolved and/or fragmented.
Pleurosigma strigosum Wm. Smith 1852 
Plate 15, Figures 7*8 
Pleurosigma strigosum Wm. Smith. Ann. Mag. Wat. Hist., p. 7, 
pl. 1, fig. 6.
Pleurosigma strigosum Wm. Smith, Hendey. J. R. micr. soc., 
p. 63, pl. 1, fig. 7.
Genus Dictyoneis Lewis 1882
Dictyoneis marginata (Lewis) Cleve 1890 
Plate 15, Figures 3,1*
Dictonyeis marginata (Lewis) Cleve. Diatomiste, Bd. 1, p. l6. 
Dictyoneis marginata (Lewis) Cleve. Hustedt, Die Kieselalgen,
29b
Teil 2, p. 577, fig. 1009.
Genus Diploneis Ehrenberg l8if0
Diploneis bombus Ehrenberg l8UU 
Plate lU, Figures 10-12 
18UU Diploneis bombus Ehrenberg, Ber. Berl. Akad., p. 8U.
185^ Diploneis bombus Ehrenberg. Ehrenberg, Mikrogeol., pl. 19,
fig. 31.
1937 Diploneis bombus Ehrenberg. Hustedt, Die kieselalgen
Deutschlands, p. 706, fig. 1086.
196U Diploneis bombus Ehrenberg. Hendey, Fishery Investigations,
ser. IV., p. 227, pl. XXXII, fig. 2.
Remarks. Many of the species of Diploneis recovered from deep 
Gulf of Mexico bottom sediments are characteristic of marine-littoral 
environment.
Diploneis crabro Ehrenberg I85I+
Plate lh, Figures 6-8 
18U4 Pinnularia crabro Ehrenberg, K. Akad. Wiss. Berlin, Ber.
p. 85.
185  ^ Diploneis crabro Ehrenberg, Mikrogeol., pl. 19, fig. 29.
1937 Diploneis crabro Ehrenberg. Hustedt, Die Kieselalgen
Deutschlands, vol. 2, p. 616, fig. 1028.
I96U Diploneis crabro Ehrenberg. Hendey, Fishery Investigations,
ser. IV, p. 225, pl. XXXIII, fig. 10.
295
1971*
181*1*
189**
196U
189b
193T
189^
1937
Diploneis crabro Ehrenberg. Lohman, Verhandl. Naturf. Ges. 
Basel, vol. 8*j, p. 355, pl. 6, fig. 10.
Diploneis elliptica (Ku.tzing) Cleve l89*+
Plate lU, Figure 15 
Navicula elliptica Kilt zing, Die Kieselschaligen Bacillarien 
Oder Diatomeen, p. 98, pl. 30* fig. 55.
Diploneis elliptica (Kiitzing) Cleve, Synopsis of Naviculoid 
Diatoms, p. 92.
Diploneis elliptica (Kiitzing) Cleve. Hendey, Fishery Investi­
gations, ser. IV, p. 226.
Diploneis gruendleri (A. Schmidt) Cleve l89*+
Plate lU, Figure 10 
Diploneis gruendleri (A. Schmidt) Cleve, Synopsis of 
Naviculoid Diatoms, p. 89.
Diploneis gruendleri (A. Schmidt) Cleve. Hustedt, Die Kiesel­
algen Deutschlands, p. 702, fig. 108U.
Diploneis guinardiana (Brun) Cleve I89U 
Plate lU, Figure 9 
Diploneis guinardiana (Brun) Cleve, Synopsis of Naviculoid 
Diatoms, p. 85.
Diploneis guinardiana (Brun) Cleve. Hustedt, Die Kiesel­
algen Deutschlands, p. 6l0, fig. 102*1.
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189*+
1937
1856
189*+
19*+1
196*+
189*+
1937
196*+
Diploneis nitescens (Gregory) Cleve 189*+
Plate 15, Figure 1 
Diploneis nitescens (Gregory) Cleve, Synopsis of 
Naviculoid Diatoms, p. 97-
Diploneis nitescens (Gregory) Cleve. Hustedt, Die Kiesel­
algen Deutschlands, p. 6*+0, fig. 10*+7.
Diploneis smithii (Brehisson) Cleve 189*+
Plate 15, Figure 2 
Navicula smithii Brehisson IN W. Smith, Synopsis of the 
British Diatomaceae, vol. 2, p. 92, pl. 17, fig. 153.
Diploneis smithii (Brehisson) Cleve, K. svenska vetensk.
Akad. Handl., vol. 26, no. 2, p. 96.
Diploneis smithii (Brehisson) Cleve. Lohman, U. S. Geol.
Survey Prof. Paper 196-B, p. 8*+, pl. 17, fig. 18.
Diploneis smithii (Brehisson) Cleve var. smithi Hendey. Hendey 
Hendey, Fishery Investigations, ser. IV, p. 225, pl. XXXII, 
fig. 10.
Diploneis suhorhicularis (Gregory) Cleve 189*+
Plate 13, Figure 13 
Diploneis suhorhicularis (Gregory) Cleve, Synopsis of 
Naviculoid Diatoms, p. 8l.
Diploneis suhorhicularis (Gregory) Cleve. Hustedt,
Die Kieselalgen Deutschlands, p. 613, fig. 1026.
Diploneis suhorhicularis (Gregory) Cleve. Hendey,
Fishery Investigations, ser. IV, p. 22h.
Diploneis weissflogii (A. Schmidt) Cleve 189^
Plate lU, Figure 13 
1873 Navicula weissflogii A. Schmidt, Gesell. Naturwiss.
Zeitschr., vol. Ul, p. ^06, pl. 6, figs. 3,1*.
189^ Diploneis weissflogii (A. Schmidt) Cleve, K. svenska vetensk.
Akad. Handl., vol. 26, no. 2, p. 91- 
19^ +1 Diploneis weissflogii (A. Schmidt) Cleve. Lohman, U. S.
Geol. Survey Prof. Paper 196-B, p. 85, pl. 17, fig. l6.
Genus Cymbella Agardh 1830
Cymbella spp.
Members from this genus are displaced from fresh- or brackish- 
water environments. Most individuals were badly dissolved and/or 
fragmented.
Genus Amphora Ehrenberg 1831
Remarks. Taxa observed from this genus are displaced from 
the littoral environment.
Amphora decussata Grunow 1877 
Plate 15, Figure 13
1877 Amphora decussata Grunow, Mon. Micr. J., vol. 18, p. 178,
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pl. 195, fig. 9.
196k Amphora decussata Grunow. Hendey, Fishery Investigations
ser. IV, p. 266, pl. XXXVII, fig. 9-
Amphora marina Van Heurck 1888
Plate 15, Figures 16,17
1885 Amphora marina Van Heurck, Atlas, pl. 1, fig. 1^ .
♦
Amphora robusta Gregory 1857 
Plate 15, Figures lU,15 
1857 Amphora robusta Gregory, Trans Roy. Soc. Edinb., vol. 21,
p. 516, pl. 13, fig. 79.
1885 Amphora robusta Gregory, Van Heurck, Atlas, p. 129, pl. 2U,
fig. 670.
196k Amphora robusta Gregory. Hendey, Fishery Investigations, 
ser. IV, p. 262, pl. XXXVIII, fig. 7-
Genus Epithernia deBrebisson 1838
Epithernia spp.
Plate 15, Figures 9-12 
Remarks. Representatives from this genus were scarce in the 
Gulf of Mexico bottom sediments and displaced from fresh or 
brackish water and thus not treated systematically. Most of the 
specimens observed from this genus were poorly preserved. Only one 
taxon, Epithemia turiga (Ehrenberg) Kiitzing 18UU, was able to be
speciated.
1877
1096
1878
1937
1957
1880
Genus Hantzschia Grunow 1877
Hantzschia amphioxys (Ehrenberg) Grunow 1877 
Plate 16, Figures 7-9 
Hantzschia amphioxys (Ehrenberg) Grunow, Arct. Diat., p. 103 
Hantzschia amphioxys (Ehrenberg) Grunow. Van Heurck, Treatise 
on the Diatomaceae, p. 381, pl. 15, fig. 483b.
Remarks. This is a displaced freshwater taxon.
Genus Nitzschia Hassal 1845
Nitzschia antillarum (Cleve) Meister 1937 
Plate 16, Figure 6 
Denticula antillarum Cleve, Bih. Svensk. Vetensk. Akad. Handl. 
vol. 5, p. 14, pl. 4, fig. 26.
Nitzschia antillarum (Cleve) Meister, Ber. Schweig. hot.
Ges. vol 47, p. 269, pl. 10, fig. 3.
Nitzschia antillarum (Cleve) Meister. Hendey, Jour. Roy. 
Micro. Scop., vol. 77, P« 78, pl. I, fig. 9*
Nitzschia marina Grunow 1880 
Plate 16, Figures 1,2 
Nitzschia marina Grunow IN Cleve and Grunow, K. svenska 
vetensk Akad. Handl., vol. 17, no. 2, p. 70.
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19^1 Nitzschia marina Grunow. Lohman, U. S. Geol. Survey Prof.
Paper 196-B, p. 85, pl. 17, figs. 10,11.
195*+ Nitzschia marina Grunow. Kolbe, Repts. Swedish Deep-Sea
Exped., vol. VI, p. 1+0, pl. Ill, figs. 38-1+0.
1955 Nitzschia marina Grunow. Kolbe, Repts. Swedish Deep-Sea
Exped., vol. VII, p. 175, pl. II, figs. 28,29- 
Remarks. A tropical to subtropical marine oceanic planktonic 
form. Nitzschia marina is uniformly distributed throughout the Gulf 
basin, displaying highest frequencies in the western basin.
Nitzschia panduriformis Gregory 1857 
Plate 16, Figure 10 
1857 Nitzschia panduriformis Gregory, Royal Soc. Eding. Trans., 
vol. 21, p. 529, pi- ll*, fig. 102.
189L Nitzschia panduriformis Gregory. Walle, Diatomaceae of
North America, pl. 1+1+, figs. 3,*+,9- 
19I+I Nitzschia panduriformis Gregory. Lohman, U. S. Geol. Survey
Prof. Paper 196-B, p. 86, pl. 17, fig. 9- 
196b Nitzschia panduriformis Gregory, Hendey, Fishery Investiga­
tions, ser. IV, p. 279- 
Remarks. A marine littoral form.
Nitzschia delicati6sima Cleve 1897 
Plate l6, Figure 3 
1897 Nitzschia delicatissima Cleve, A Treatise Phytoplk. N. 
Atlantic..., p. 2k, pl. 2, fig. 32.
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1961+ Nitzschia delicatissima Cleve. Hendey, Fishery Investiga­
tions, ser. IV, p. 283.
Remarks. Width of specimen three microns or less, elongate 
valve, canal raphe markedly eccentric. A marine planktonic form, 
this taxon was rare in the deep Gulf bottom sediments.
Nitzschia seriata Cleve 1883 
Plate l6, Figure 5 
1883 Nitzschia seriata, Cleve, Ur. Vega-Exped. vetensk, iaktt., 
vol. 3, p. 378, pl. 38, fig. 78.
1964 Nitzschia seriata Cleve. Hendey, Fishery Investigations, 
ser. IV, p. 28U, pl. XXI, fig. 6.
Remarks. The width of the valve four microns or less, with an 
elongated frustule, canal raphe and markedly eccentric. A marine 
planktonic form not abundant in the Gulf bottom sediments.
Nitzschia kerguelensis (O'Meara) Hustedt 1952 
Plate l6, Figures ll+,15 
1952 Nitzschia kerguelensis (O'Meara) Hustedt, Arch. Hydrobiol.,
U6:286-298.
197^ Nitzschia kerguelensis (O'Meara) Hustedt. Abbott, Nova 
Hedwigia, XXV, p. 315, pl. 8, figs. E,F.
Remarks. The genus Fragilariopsis was systematically 
evaluated by Hasle (1972) who placed these forms in the genus 
Nitzschia. Only one specimen was found in the samples studied. This 
species is commonly found in the Subantarctic and has probably been
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transported from this region.
Genus Surirella Turpin 1827 
Plate l6, Figures 16, 17
Remarks♦ Specimens from this genus were scarce and represent 
forms displaced from fresh, brackish or near-shore marine environ­
ments and subsequently not treated systematically.
Genus Campylodiscus Ehrenberg l8Ul
Campylodiscus brightwelli Grunow 1862 
Plate l6, Figures 18,19 
1862 Campylodiscus brightwelli Grunow, Verh. zool.-bot. Ges. Wien, 
vol. 12, p. hh5, pl. 9> fig* 5.
1957 Campylodiscus brightwelli Grunow. Kolbe, Repts. Swed. Deep- 
Sea Exped., vol. IX, p. 26, pl. Ill, fig. U5.
Remarks. Kolbe (1957) discusses the taxonomic problems of this 
form and lists the following species as synonyms: £. kinkeri A. Schmidt,
C. undulatus Grev. and C_. triumphans A. Schmidt. This taxon is 
displaced from sublittoral environment and not abundant in the deep 
Gulf of Mexico bottom sediments.
SILICOFLAGELLATES
Genus Dictyocha Ehrenberg 1837
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Dictyocha fibula Ehrenberg 1839 
Plate 20, Figures 1-5 
1839 Dictyocha fibula Ehrenberg, K. Abad. Wiss. Berlin, Abh.,
(1838) p. 129.
1970 Dictyocha fibula Ehrenberg, Ling. Bull. Amer. Paleon. 
vol. 58, p. 90, pl. 18, figs. ^-8.
Remarks. The slightly inflated basal ring and slightly 
diminished apical spines distinguish this species from Dictyocha 
messenansis. Found in low abundance throughout the Gulf bottom 
sediments.
Dictyocha fibula var. indet.
Plate 20, Figures 6,7 
Remarks. This aberrant form of I), fibula contains a four­
sided apical ring in place of an apical bar.
Dictyocha aculeata Ehrenberg 18U0 
Plate 20, Figures 9-10 
l8U0 Dictyocha aculeata Ehrenberg, Akad. Wiss. Berlin, Abh. (l839) 
p. lU8.
1973 Dictyocha aculeata Ehrenberg, Dumitrica, Intl. Repts.,
D.S.D.P., vol. XIII, p. 907, pl. 9, figs. 5-10.
Remarks. Only a few individuals of this taxon were observed in 
the Gulf of Mexico bottom sediments.
30U
Dictyocha messenansis Haeckel in Peters i860 
Plate 20, Figures 8, 13-16; Plate 21, Figures 6,9- 
i860 Dictyocha messenansis Haeckel, in Peters, Mber. Verh. K. Prevar.
Akad. Wiss. Berlin, p. 799.
1973 Dictyocha messenansis Haeckel, Dumitrica, Int. Repts.
D.S.D.P., vol. XXI, p. 81*9, pl- *+, fig- 7- 
Remarks. This species was widespread throughout the Gulf 
basin and was also the most abundant silicoflagellate taxon recorded.
The rhombic basal ring and relatively large apical spines distinguish 
this form from D. fibula.
Dictyocha messenansis var. indet.-A 
Plate 20, Figures 11-12 
Remarks. This aberrant form of D. messenansis contains a 
four-sided apical ring in place of an apical bar.
Dictyocha messenansis var. indet.-B 
Plate 21, Figures 7-8 
Remarks. A few individuals of this taxon were noted in the 
bottom sediments. The basic overall structure of the skeleton indicates 
the species to be Dictyocha messenansis. It is different than D. 
messenansis by having bulbous ornamented spine tips and an overall 
thickly silicified skeleton.
Dictyocha stapedia Haeckel 1887 
Plate 21, Figures 1-1+
1887 Dlctyocha stapedia Haeckel, Rept. Sci. Results Voyage of
H.M.S. Challenger during the years 1873-1876. Vol. 18, 
p. 1561.
Remarks. This species was relatively small (20-30 microns on 
major axis) displaying a rhombic basal ring, slightly elongate in 
the major axis. D. stapedia showed highest frequencies over the 
Florida and Campeche slopes.
Genus Naviculopsis Frenguelli 19^0
Remarks. One individual of this extinct genus was observed 
in the Gulf of Mexico bottoms.
APPENDIX C 
FREQUENCY, PRESERVATION AND SIZE DATA
The relative frequency, mean preservation value, and mean size 
value for a given taxon are presented in columnar form, under the 
abbreviated heading for that taxon. An estimate of the relative abun­
dance of diatom taxa, out of a total count of 300 specimens per sample, 
was based on counts from two to five slides. For each frequency obser­
vation, a subjective scalar classification scheme of the preservation of 
that individual species was also recorded. Scale values ranged from 
one to five, where:
1. Excellent preservation: less than 5% of the valve destroyed,
no discernable dissolution, ultrastructure present;
2. Good preservation; less than 20$ of the valve destroyed,
slight dissolution, ultrasturctural elements start dissolving;
3. Average preservation: less than 30$ of the valve destroyed,
moderate dissolution, all ultrastructure dissolved;
U. Poor preservation; less than 50$ of the valve destroyed,
severe dissolution, ultrastructure dissolved, general structure of 
frustule displays evidence of some dissolution;
5. Very poor preservation: greater than 50$ of the valve
destroyed, extreme dissolution, ultrastructure dissolved, general 
structure of frustule displays evidence of intense dissolution, species 
identification difficult.
The preservation values for each taxon were than averaged for each slide, 
thtm averaged over slides within a sample producing a mean preservation 
value. Also, for each frequency observation, the size of the frustule
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was measured to the nearest micron utilizing an ocular micrometer. In 
the case of the centric diatoms, the diameter of the value was measured, 
and in the case of the pennate diatoms, the apical axis was recorded.
The size values for each taxon were then averaged for each slide and then 
averaged over slides within a sample producing a mean size value. The 
mean preservation and mean size values for each sample are listed for the 
ten most abundant diatom taxa.
A key to the abbreviations for each taxon listed in this Appendix 
precedes the data.
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Key for Abbreviations of Diatoms, Silicoflagellates 
and Other Microfossil Groups Recovered from Surficial Bottom Sediments of
the Gulf of Mexico
AC1 = Actinocyclus octonarius var. sparsus
AC2 = Actinocyclus octonarius var. crassus
AC 3 = Actinocyclus octonarius var. tenellus
ACU = Thalassiosira sp. indet.
AL1 = Asterolampra grevelli
AL2 = Asterolampra marylandica
AMI = Amphora decussata
AM2 = Amphora marina
AM3 = Amphora robusta
AN1 = Aulacodiscus sp. indet.
API = Actinopytchus senarius
AP2 = Actinopytchus senarius var. indet.
AP3 = Actinopytchus sp. indet.
APU = Actinopytchus splendens
AS1 = Asteromphalus flabellatus
AS2 = Asteromphalus sp. indet.
ATI = Actiniscus sirius
AU1 = Auliscus sculptus
BA1 = Bacteriastrum spp.
BD1 = Biddulphia pulchella
BD2 = Biddulphia tuomeyi
BD3 = Genus indet.
CA1 = Glyphodesmis williamsoni forma inflata
CB1 = Cymbella spp.
CC1 = Cocconeis spp.
CC2 = Cocconeis disculoides 
CC3 = Cocconeis grata 
CCU = Cocconeis sp. indet. (B)
CC5 = Cocconeis sp. indet. (C)
CC6 = Cocconeis sp. indet. (D)
CC7 = Cocconeis cf. C. pseudomarginata
CC8 = Cocconeis sp. indet. (F)
CHC = Chrysophyte cysts 
CHI = Chaetoceros spp.
CM1 = Cymatosira lorenziana 
CPI = Campylodiscus spp.
CS1 = Coscinodiscus africanus 
CS2 = Coscinodiscus africanus (poorly 
CS3 = Coscinodiscus asteromphalus 
CSU = Coscinodiscus curvatulus var. minor 
CS5 = Coscinodiscus decresens 
CS6 = Coscinodiscus denarius 
CS7 = Coscinodiscus jonesianus 
CS8 = Coscinodiscus lineatus 
CS9 = Coscinodiscus nitidus 
CS10 = Coscinodiscus nodulifer 
CS11 = Coscinodiscus sp. indet.
CS12 = Coscinodiscus oculus-iridis 
CS13 = Coscinodiscus perforatus 
CSlU = Coscinodiscus radiatus 
CS15 = Coscinodiscus sp. indet. (A)
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CS16 ss Coscinodiscus sp. indet. (b )
CS17 = Coscinodiscus sp. indet. (C)
CS18 = Coscinodiscus spp.
CY1 = Cyclotella striata (incl. C. stylorum)
CY2 = Cjrclotella stelligera
CY3 = Cyclotella meneghiniana
CYU = Cyclotella caspia
CY5 = Cyclotella spp.
DC1 = Dictyocha spp.
DC2 = Dictyocha fibula
DC3 = Dictyocha messenansis
DCk = Dictyocha messenansiS var. indet.
DC5 = Dictyocha messenansis (aberrant form)
DC6 = Dictyocha fibula var. indet.
DC7 = Dictyocha cf. D. acuelata
DC8 = Dictyocha stapedia
DC9 = Naviculopsis sp.
DM1 = Dimerogramma cf. furcigerum
DH1 = Genus indet. (cf. Denticula)
DPI = Diploneis bombus
DP2 = Diploneis sp. indet.
DP3 = Diploneis crabro
DPU = Diploneis guinardiana
DP5 = Diploneis smithi
DP6 = Diploneis sp. indet. (A)
DP7 = Diploneis sp. indet. (B)
DP8 = Diploneis elliptica
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DP9 = Diploneis weissflogi 
DP10 = Diploneis spp.
DSP = Pollen and spores 
DY1 = Dietyoneis marginata 
EDI = Eupodiscus radiatus 
EP1 = Epithemia spp.
EU1 = Eunotia spp.
El = Ethmodiscus spp. (fragments)
GL1 = Glyphodesmis distans 
GR1 = Grammatophora spp.
HI = Hemidiscus cuneformis
Ml = Melosira granulata
M2 = Melosira undulata
M3 = Melosira cf. M. varians
M^ = Melosira nummuloides
M5 = Melosira islandica
NV1 = Navicula forcipata
NV2 = Diploneis suborbiculoides
NV3 = Navicula lyra
NVU = Navicula lyroides
NV5 = Navicula bennedyi
NV6 = Navicula praetexta
NV7 = Navicula spectabilis var. emarginata
NV8 = Navicula clavata
NV9 = Navicula sp. indet. (B)
NV10 = Navicula sp. indet. (C)
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NV11 = Navicula sp. indet. (D)
NV12 = Navicula spp.
NZ1 = Nitzschia marina 
NZ2 = Nitzschia panduriformis 
NZ3 = Hantzschia amphioxys 
NZU = Nitzschia antillorum
NZ5 = Nitzschia cf. N. seriata
NZ6 = Nitzschia sp. indet. (D)
NZ7 = Nitzschia sp. indet. (E)
NZ8 = Nitzschia sp. indet. (F)
NZ9 = Nitzschia spp.
0P1 = Opephora schwartzii
0T1 = "Others” - unidentifiable
PCI = Podocystis adriatica
PD1 = Podosira stelligera
PEI = Pseudoeunotia doliolus
PL1 - Plagiogramma obesum
PL2 = Plagiogramma pulchellum var. pygmaea
PL3 = Plagiogramma tessellatum
PLU = Plagiogramma sp. indet.
PS1 = Pleurosigma spp.
PI = Paralia sulcata
P2 = Paralia sulcata var. indet.
RH1 = Rhizosolenia bergonii 
RH2 = Rhizosolenia styliformis 
R01 = Roperia tessellata
RS = Diatom resting spores
SD1 Stephanodiscus astraea
SP1 = Stephanopyxis sp. indet.
ST1 = Stictodiscus californicus
ST2 = Stictodiscus trigonus
ST3 = Stictodiscus trigonus var. A
STU = Stictodiscus trigonus var. B
SU1 = Surrella spp.
TH1 = Thalassionema nitzschoides
TH2 = Thalassionema nitzschoides forma parva
TP1 = Terpsinoe musica
TR1 = Triceratium alternans
TR2 = Triceratium alternans var. indet.
TR3 = Triceratium antedilluvianum forma pentagona
TRU = Triceratium cinnamoneum
TR5 = Triceratium favus
TR6 = Triceratium favus var. quadrata
TR7 = Triceratium pentacrinus
TR8 = Triceratium balearicum
TR9 = Tricerativun sp. indet. (B)
TRIO = Triceratium sp. indet. (C)
TR11 = Triceratium spp.
TS1 = Thalassiosira spp.
TS2 = Coscinodiscus domifactus
TS3 = Thalassiosira decipiens
TS4 = Thalassiosira eccentrics
TS5 = Thalassiosira eccentrica var. fasiculata
TS6 = Thalassiosira oestrupii 
TS7 = Thalassiosira sp. indet. (A)
TS8 = Thalassiosira sp. indet. (B)
TX1 = Thalassio-nema, -thrix spp. (fragments) 
TY1 - Trachyneis aspera
HIGHER TAXONOMIC CATEGORIES
ACTC = Actinocyclus
ACTP = Actinopytchus
AMPH - Amphora
ASTL = Asterolampra
ASTP = Ast eromphalus
BIDD = Biddulphia
COCC = Cocconeis
COSC = Coscinodiscus
CYCL = Cyclotella
DIPL = Diploneis
GLYP = Glyphodesmis
MELO = Melosira
NAVI = Navicula
NITZ = Nitzschia
PARA = Paralia
PLAG = Plagiogramma
RHIZ = Rhizosolenia
STIC = Stictodiscus
THLN = Thalassionema.
THLS = Thalassiosira 
FACT = Family Actinodiscaceae 
FCOS = Family Coscinodiscaceae 
FCYM = Family Cymbellaceae 
FEPI = Family Epithemiaceae 
FEUP = Family Eunotiaceae 
FFRA = Family Fragelariaceae 
FNAV = Family Naviculaceae 
FSUR = Family Surirellaceae 
SILICO = Silicoflagellates 
PLANK = Oceanic Planktonic taxa 
TYCHO = Tychopelagic and neritic planktonic taxa 
BENTH = Benthonic taxa 
FRESH = Freshwater taxa
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C
Y
D
A
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A
kMPLE AMI F AP1F AP2F AP3F AP4F ASIF AS2F AT1F AU1
1 0 2 0 0 0 3 0 9 0
2 0 1 0 0 0 0 0 0 0
J 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 1 0 0
7 0 0 1 0 0 0 1 0 0
a 0 1 0 0 0 0 0 1 0
9 0 1 0 0 0 3 0 1 0
10 1 0 0 0 0 0 0 1 0
11 0 0 0 0 0 0 0 0 0
12 1 9 0 0 0 0 0 y 0
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1* 0 0 0 0 0 0 0 0 0
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40 0 0 0 0 0 0 0 0 0
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59 0 0 0 0 0 0 0 0 0
60 0 2 0 0 0 0 0 0 0
61 0 0 0 0 0 0 0 0 0
62 0 0 0 0 0 0 0 0 0
63 0 2 0 0 0 1 2 7 0
64 0 0 0 0 0 0 0 0 0
65 0 0 0 0 0 0 0 0 0
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67 0 0 0 0 0 0 0 0 0
63 0 3 0 1 0 0 0 0 0
69 0 1 1 0 0 0 0 0 0
70 0 0 0 0 0 0 0 0 0
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1 22 2 0 12 3
2 7 1 0 1 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0
6 1 0 0 0 1
7 17 1 0 0 1
8 14 1 0 0 0
9 26 1 0 6 3
10 23 0 1 2 0
11 0 0 0 0 0
12 45 9 0 2 0
13 8 0 0 0 0
14 0 0 0 0 0
15 8 0 0 0 0
16 0 0 0 0 0
17 25 5 0 2 1
18 46 5 0 0 2
19 0 0 0 0 0
20 0 0 0 0 0
21 y 0 2 3 1
22 22 0 1 1 0
23 9 0 0 1 3
24 27 4 0 3 0
25 31 2 0 0 0
26 22 0 0 0 2
27 29 1 0 0 0
28 32 2 0 0 0
29 26 0 0 1 4
30 0 0 0 0 0
31 32 5 0 3 0
32 0 0 0 0 0
33 36 0 0 I 0
34 15 2 0 1 1
35 15 2 0 0 0
36 7 2 0 1 1
37 0 1 0 0 0
38 0 0 0 0 0
39 16 1 0 0 0
40 0 0 0 0 0
41 3 0 0 0 1
42 11 0 0 0 9
43 0 0 0 0 2
44 10 1 0 1 3
45 4 4 1 0 2
46 9 0 0 0 0
47 8 1 0 1 5
48 0 0 0 0 0
49 1 0 0 0 4
50 0 0 0 0 1
51 10 1 0 0 4
52 5 2 0 2 1
53 4 1 1 0 4
54 10 1 0 10 2
55 49 0 0 8 1
56 8 5 0 5 1
57 0 0 0 0 0
58 0 0 0 0 0
59 0 0 0 0 0
60 1 2 0 0 0
61 0 0 0 0 0
62 0 0 0 0 0
63 31 2 0 4 3
64 0 0 0 0 0
65 0 0 0 0 0
66 10 0 0 2 0
67 0 0 0 0 0
68 44 4 0 3 0
69 21 2 0 2 0
70 2 0 0 0 0
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SAMPLE C O C C F COSCF CYCLE 01PLF GLVPF MELOF
1 5 61 24 11 0 0
2 14 194 8 0 0 1
3 0 21 0 0 0 0
A 0 0 0 0 0 0
5 0 3 0 2 0 0
6 2 63 0 0 1 0
7 5 150 15 3 1 1
a 2 177 10 12 0 2
9 7 143 13 8 1 2
10 2 166 7 7 0 15
11 0 0 0 0 0 0
12 1 126 13 11 1 0
13 1 100 32 7 0 8
14 0 0 0 0 0 0
15 2 148 10 9 0 3
16 0 10 0 4 0 3
17 0 106 27 6 0 1
18 0 12 2 27 8 0 1
19 0 0 0 0 0 0
20 0 13 1 0 0 4
21 22 144 3 7 8 13
22 6 133 14 7 0 4
23 14 162 4 6 3 8
24 5 169 8 6 0 6
25 4 157 0 1 0 16
26 5 184 12 5 0 5
27 8 156 11 3 0 6
28 2 145 15 8 0 7
29 2 150 13 6 0 5
30 0 27 1 1 0 0
31 0 108 7 9 0 1
32 0 140 11 9 0 8
33 0 149 7 9 0 6
34 1 160 21 11 0 1
35 0 161 16 7 0 8
36 5 185 7 2 1 4
37 0 29 1 0 0 0
38 0 2 0 0 0 0
39 2 155 6 14 0 8
40 0 0 0 0 0 0
41 9 226 1 1 0 2
42 5 189 2 2 1 0
43 3 242 0 1 0 2
44 6 137 17 1 0 1
45 1 111 10 4 0 2
46 0 136 7 1 0 0
47 7 204 0 6 0 6
48 0 6 0 0 0 0
49 10 172 2 5 0 6
50 0 35 0 0 0 1
51 11 168 4 4 6 10
52 15 169 2 9 1 14
53 8 219 0 3 2 3
54 13 147 9 6 0 7
55 4 115 11 23 0 8
56 2 112 30 17 1 1
57 0 0 0 0 0 0
58 0 51 0 0 0 3
59 0 0 0 0 0 0
60 3 127 6 2 1 1
61 0 0 0 0 0 0
62 2 35 0 0 0 0
63 8 100 8 20 1 2
64 0 0 0 0 0 0
65 0 29 0 0 0 0
66 5 182 0 0 0 6
67 0 0 0 0 0 0
68 2 134 23 10 0 3
69 2 170 15 6 2 4
70 3 53 0 2 0 3
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SAMPLE 
FEPIF 
FEUPF 
FFRAF 
FNAVF 
F
S
U
R
F
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F
R
E
Q
u
E
N
C
Y
D
A
T
A
SAMPLE SILICOF PLANKF TYCHOF BENTHF
I 46 187 83 27
2 5 20 7 73 19
3 0 22 16 0
4 0 0 0 0
S' 1 3 2 2
6 0 71 16 3
7 3 170 109 17
e 2 201 85 17
9 10 195 80 21
10 3 195 81 17
n 0 0 0 0
12 11 154 124 20
13 2 114 156 15
14 0 0 0 0
IS 4 167 119 13
16 0 12 43 6
17 5 133 151 12
18 1 160 129 13
19 0 0 0 0
20 0 14 14 0
21 2 167 63 58
22 0 170 107 17
23 1 177 75 46
24 0 206 74 17
2S 0 192 88 14
26 8 202 78 16
27 4 183 88 17
28 3 176 103 12
29 12 181 108 9
30 0 32 13 1
31 12 136 153 11
32 3 163 107 21
33 16 205 77 14
34 9 199 84 16
35 3 186 94 8
36 8 213 70 13
37 0 30 11 1
38 0 2 1 0
39 8 190 84 21
40 0 0 0 1
41 0 235 49 20
42 1 221 65 23
43
44
1 259
160
33
124
11 
17
45 1 121 158 17
46 1 144 154 2
47 1 227 60 16
48 0 6 0 0
49 0 190 79 32
50 1 37 9 0
51 5 186 70 39
52 5 212 51 37
S3 2 232 52 19
54 12 196 67 35
55 22 165 98 34
56 26 171 84 35
57 0 0 0 0
58 0 53 29 2
59 0 0 0 0
60 0 133 156 7
61 0 0 0 0
62 0 40 13 4
63 48 151 101 42
64 0 0 0 0
65 0 29 16 2
66 1 199 87 8
67 0 0 0 0
68 21 170 107 13
69 6 209 70 18
70 0 67 20 14
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PRESERVATION DATA
TAXA
SAMPLE CS10 PI AC2 TS2 CSl4 CY1 HI NZ1 CS9 DP3
1 2.3 3.3 2.6 — 3.3 2.9 2.4 2.9 4.0 2.6
2 2.9 3.5 3.5 — 3.8 3.3 3.0 3.0 3.5 —
T 2.8 3.7 2.9 3.0 3.5 4.1 2.6 3.0 3.3 4.0
8 2.8 3.8 3.0 3.2 2.9 4.4 3.4 3.0 — 3.2
9 2.8 3.7 3.0 2.8 3.1 3.8 2.9 3.0 3.2 3.0
10 2.7 3.6 3.0 3.3 3.4 3.3 3.2 2.8 3.7 4.0
12 2.9 3.6 2.7 2.7 3.2 4.7 2.8 2.5 — 2.7
13 3.3 4.3 2.5 3.2 2.9 4.4 4.0 3.0 — 3.2
15 3.2 3.9 3.1 3.1 3.2 4.4 3.2 2.9 — 3.1
IT 3.3 3.7 3.1 3.2 3.4 4.1 3.0 3.1 — 4.0
18 3.0 3.9 2.9 3.0 2.9 4.2 3.6 3.2 3.0 —
21 2.7 3.6 3.0 3.0 4.7 3.7 3.0 2.8 3.2 3.0
22 3.1 3.9 2.8 2.6 3.3 4.3 3.1 3.0 3.3 3.0
23 3.0 4.1 3.7 4.5 2.9 3.0 3.2 3.0
LO-l="
O
2k
25
26
27
28
29
31
32
33
3k
35
36
39
Ul
PRESERVATION DATA
CS10 PI AC2
2.7 3.0 2.3
3.1 3.9 3.0
2.9 1+.0 3.2
2.8 3.8 2.6
2.9 l+.l 2.8
2.8 3.8 2.7
2.9 k.l 2.6
2.9 3.5 —
2.8 3.7 2.9
2.9 3.7 2.8
3.1 1+.5 3.1
2.7 3.7 3.3
3.5 3.5 3.8
2.8 3.8 3.5
TAXA
TS2 CS11+ CY1
2.9 3.3 2.9
3.0 3.1+ —
2.7 3.1 1+.1+
2.9 3.3 1+.6
3.0 3.2 l+.l
3.1 3.8 3.8
2.8 3.3 3.7
3.1+ — 3.1+
3.0 3.3 1+.0
3.1 3.7 1+.1+
3.1 3.7 1+.1+
2.8 3.1+ 1+.1+
3.2 1+.1+ 1+.0
3.0 — m 1+.0
HI NZ1 CS9
2.9 2.9 3.2
3.1+ 3.0 3.9
3.1+ 3.0 3.2
2.9 2.8 3.5
3.6 2.9 3.6
3.0 3.7 —
3.1+ 2.9 3.5
3.0 3.0 —
3.1 2.7 —
2.9 2.9 3.0
2.9 3.2 —
3.3 3.0 3.0
3.1+ 2.8 —
3.0 3.0 3.5
PRESERVATION DATA
TAXA
SAMPLE CS10 PI AC2 TS2 CS14 CY1 HI NZ1 CS9 DP3
42 2.5 3.5 3.0 3.0 — 3.0 3.0 3.0 3.0 4.0
43 3.0 3.7 — — 4.0 — 3.5 3.4 3.0 4.0
44 2.9 3.2 3.2 — 3.0 4.1 3.0 3.0 3.3 4.0
45 3.0 3.6 3.0 — 3.6 4.3 2.5 2.6 3.4 4.0
46 3.1 3.6 3.3 — 3.5 3.3 3.3 3.0 3.5 3.0
47 2.9 4.0 3.2 — 2.0 — 2.8 3.0 3.0 3.0
49 3.0 4.3 3.0 — — — 2.8 3.0 3-5 2.0
51 2.9 3.8 3.4 3.0 3.0 3.5 3.5 3.0 3.2 3.0
52 3.0 3.4 3.0 — 3.7 3.5 3.2 3.0 3.3 3.9
53 2.8 3.7 3.0 4.0 3.0 — 2.5 3.0 3.1 3.0
54 2.1 3.8 3.0 3.0 3.8 3.6 3.3 2.4 2.8 3.0
55 2.7 3.5 3.2 — 2.9 3.9 2.5 3.1 3.0 3.1
56 2.5 3.2 3.0 2.4 2.9 3.0 3.4 2.8 4.0 2.5
60 3.0 3.5 ____ — 4.0 4.2 3.0 3.0 2.4 —
U)-c-
ro
PRESERVATION DATA
SAMPLE CS10 PI AC2
63 2.U 3.5 2.7
66 3.0 U.O 3.0
68 2.6 3.6 2.8
69 3.0 U.l 2.8
SAMPLE CS10 PI AC2
1 33.8 26.6 18.5
2 32.8 31.2 25.3
7 31.0 31.8 20.5
8 35.2 26.8 2U.0
9 33. U 28.7 25.1
10 33.3 29.7 20.8
TS2
TAXA
CSlU CY1 HI
- 2.6 3.0 U.O
2.6 — — 3.5
2.9 — 3.1* 3.0
3.1 — 3.1 3.6
TS2
SIZE DATA 
TAXA 
CSlU CY1 HI
— 28.1 23.3 71.8
— 1*1.0 31.0 102.0
25.0 30.5 22.9 75. U
28.0 33.0 21*.3 70.1
27-5 37.9 21.3 66.1
28.0 29.1* 21.6 80.6
NZl CS9 DP3
— 2.U 2.0
— U.O —
3.0 — 2.3
3.0 3.3 2.7
NZl CS9 DP3
91.6 23.0 50.8
97.0 33.3
91.8 21.8 66.0
101.8 — 6l.l
109. U 22.5 59.6
100.0 2U.6 6U.5
u>Jr-
LO
SIZE DATA
TAXA
MPLE CS10 PI AC2 TS2 CSlU
12 31.3 25.1 25.9 28.9 32.U
13 30.7 27.^ 25.5 27-5 37.3
15 33. U 28.3 21.7 23.8 31.9
17 35.7 2U.5 21.3 27-5 33.9
18 30. k 2U.0 23.2 27.9 32.7
21 32.7 30.7 25.0 30.5 U6.7
22 31.8 26.1 19.9 26.7 26.7
23 32.2 28.1 22.0 — —
2k 33.2 27.1 20.5 27.8 38.3
25 30.9 26.0 21.3 29-0 30.2
26 29. k 25.it 21.6 25.3 33.6
27 31.2 27-5 20.8 26.9 31.3
28 33.7 21.9 21.it 26.8 35.U
29 33.2 26.8 2U.5 29.0 30.7
CY1 HI NZl CS9 DP3
22.6 7U.9 101.0 — 6l.6
2U.3 96.7 78.8 — 59.0
21.2 77. U 93.2 60.6
21.2 69.0 86.9 — 61.7
20.lt 83.2 88.1 37.0 70.0
25.0 63.3 93.0 30.6 —
20.3 79.8 137.6 30.5 65.2
21.0 68.9 103.3 32.9 70.0
20.8 86.7 1U5.3 29.2 57.3
— 71.6 92.8 28.1 59.0
21.3 67.lt 81.9 30.lt 69.0
17.U 75.it 12U.3 32.0 59.0
20.6 83.3 97.5 29.U 60.8
23.9 77-5 125.0 57.8
<jO■e-
-c-
SIZE DATA
TAXA
SAMPLE CS10 PI AC2 TS2 csiu
31 32.1+ 25.3 26.5 25.8 39.u
32 3 M 25.9 23.5 27.3 —
33 31.8 21+.1+ 22.8 25.1+ 37.6
3h 33.3 27.3 23.6 28.2 33.0
35 31+.0 2U.5 29.3 36.7
36 32.6 26.8 25.8 29.7 38.6
39 33.6 25.5 26.1+ 25.1+ 36.u
Ul 33.2 31+.0 21+.0 21+.0 —
1+2 31+.5 29.8 23.3 31+.0 —
1+3 31+.6 30.5 — — 3U.0
1+1+ 31.1+ 31.1+ 18.9 — 18.0
U5 3l+.1+ 31.9 22.7 — 33.8
1+6 31.3 30.9 22.8 — 53.8
1+7 3l+. 3 29.1 25.6 39.0
CY1 HI NZl CS9 DP3
22.3 68.U 13U.0 32.5 65.6
18.3 106.6 96.8 — 60.0
20.8 96.2 115-2 — 70.2
19.8 76.U 101.2 37.0 73.2
20.0 98.8 77-2 — 62.U
2U.6 83.9' 13U.1 35.8 52.5
23.5 7U.5 105.8 — 59.3
25.0 90.5 75.0 30.3 —
27.0 91.5 161.7 36.1 75.1
— 103.0 75.0 36.3 55.0
21.0 75.8 75.0 2U.8 7U.0
21.9 61.0 97.3 28.6 53.0
32.0 63.0 8U.0 31.5 52.0
__ 78.1 75.0 31.9 67.2
w■p-
v/i
SIZE DATA
TAXA
MPLE CS10 AC2 TS2 CSlU
U9 35.9 28.9 30.0 — —
51 3k.2 29.6 21.0 30.0 3U.0
52 32.0 31.1 21*. 6 — 33.7
53 3U.0 26.5 23.6 2k. 7 56.0
5k 29. T 28.6 22.1* 2k. 1 30.7
55 29. T 21*.6 21.2 — 3U.7
56 33.0 21*.6 21.0 27.8 58.9
6o 31.5 31.5 — — 51.0
63 32.0 28.0 22.6 — 31.6
66 33.1 33.2 19-9 28.0 —
68 35. k 27.2 21.6 27.8 —
69 36.8 27.5 25.6 28.1 —
CY1 HI NZl CS9 DP3
— 82.3 88.5 3U.3 77.0
25.7 69.0 10U.8 30.8 59.0
18.0 77.8 110.0 29.5 55.6
— 76.1 97.0 32.7 69.5
21.3 79.0 167.0 2U.9 53.0
20.U 7U.2 9U.2 27.0 62.2
2U.5 78.0 152.2 3U.0 60.8
22.3 71.0 92.0 20.8 —
20.5 77.0 — 30.0 66.0
— 73.5 — 33.2 —
19.2 79.8 91.u — 57.0
20.8 68.0 101.5 33.6 63.3
LO
-tr-
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APPENDIX D
KRUSKAL-WALLIS ONE WAY ANALYSIS OF VARIANCE BY RANKS
Hie Kruskal-Wallis test is used to compare two or more unmatched 
random samples (i.e., k samples). The test makes the assumption that 
the k samples are comparable. The measurements are then pooled from 
the different samples and assigned their rank values from the smallest 
measurement in the combined pool to the largest one. If the hypothesis 
of no significant differences is correct, extracting the rank values 
assigned to each sample group from the combined pool should reveal that 
the mean rank is the same for all samples.
In the Kruskal-Wallis test, the probability of getting any particu­
lar sum of squares for ranks under the null hypothesis is determined by 
converting the sum of squares into a chi square value. The value from 
the chi square tables gives the probability of getting sum of squares 
of the ranks as large as that observed, if there is really no signifi­
cant difference between samples.
It can be shown that if k samples are actually from the same popu­
lation or from identical populations, that is, if the null hypothesis 
is true, then H (the statistic used in the Kruskal-Wallis test) is 
distributed as chi square with df = k - 1.
That is,
" = ITn+lT X  - 3 (!,+1)
where,
k = number of samples,
n. = number of cases in samples,
J
31+T
3^8
k
N = E n , the number of cases in all samples combined, 
j=l J
th
Rj = sum of ranks in j samples (column) 
k
£ = directs one to sum over the k samples (columns)
j=l
is distributed approximately as chi square with df=k-l, for sample
sizes (n.'s) sufficiently large. Additional information concerning the 
J
Kruskal-Wallis test may be obtained from Siegel (.1956, ?P» 181+-193).
The assumptions made for the Kruskal-Wallis test are:
1. a random sample was drawn from each population, and
2, the variable under study has an underlying continuous distri­
bution.
In order to obtain an estimate of the relative abundance of diatoms, 
silicoflagellates, radiolaria, pyrrophyte endoskeletons (Actiniscus), 
phytoliths and sponge spicules, an objective ordinal classification 
scheme was established. The classification scheme consisted of seven 
classes based on using the progression of three to the fifth power 
(i.e. 3n, where n = 1 - 5). Two classes descriptively entitled absent 
and very rare were established for counts of less than three. The 
scheme is as follows:
CLASS COUNT MEANING
1 0 Absent
2 1-2 Very Rare
3 3-8 (3 A Rare
U 9-26 (3^) Frequent.
5 27-30 (3 ) Common
6 81-2^2 (.3 ) Abundant
7 greater than 2k3 (3^) Predominant
3b9
A standardized counting procedure was established for evaluating 
the 70 samples in this study. Two slides were randomly selected from 
each sample. Using a 25X objective and 12.5X ocular, five random tra­
verses were made across each slide. The counts obtained from both 
slides for each siliceous group under consideration were averaged and 
then given a class value of one to seven. There were no contradictions 
between slides in the analysis of the samples. However, a problem did 
occur in the counting of extremely low frequency specimens (i.e. silico- 
flagellates and Actiniscus). A few samples registered one specimen on 
one slide and none from the other slide. After averaging, they were 
rounded upward resulting in a class value of 2 (i.e. count of 1 to 2).
The data were analyzed to determine if there were differences in 
averaged ranked relative abundance among defined regions and/or dif­
ferences among provinces within regions. The results are given in 
chart form and the raw data follows. A key to the charts and data 
precedes the information.
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KEY TO THE KRUSKAL-WALLIS FREQUENCY DATA
CLASS FREQUENCY VALUE:
1 - absent
2 - very rare
3 - rare
it - frequent
5 - common
6 - abundant
7 - predominant
REGIONS:
I Continental Slope 
II Continental Rise 
III Mississippi Cone 
IV Abyssal Plain
PROVINCES:
1-1 West Florida Slope 
1-2 Texas-Louisiana Slope 
1-3 East Mexican Slope 
1—1+ Campeche Slope 
II-5 North Rise 
II-6 West Rise 
II-7 South Rise 
III-8 Lower Mississippi Cone
III-9 Upper Mississippi Cone
IV-10 Sigsbee Plain 
IV-11 East Gulf Plain
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KRUSKAL-WALLIS DATA AMONG REGIONS
DIATOMS RADIOLARIA
1
2
co 3
1 U G 5
6
7
I II III IV
5 k 1 
3 1 
9 2 5
5 3 5 10
6 h 2 2 
3
Totals 31 9 11 19
1
2
3
§  ^
u 5
6
7
I II III IV
2 3 1 
k 1 
2 2 
12 2 3 7 
10 7 3 9 
1 1
Totals 31....9 11 19
H=3.05 c 3 d.f. NS H=5•59 5 3 d.f. NS
SILICOFLAGELLATES PHYTOLITHS
1
2
| 3
0 5 
6 
7
I II III IV
18 h 9 11
9 5 2 6 
1 2 
3
Totals 31 9 11 19
H=2.98 ! 3 d.f. NS
PYRROPHYTE CYSTS
I II III IV
1 25 8 10 16
2 5 1 1 3
83 3 
3 k
0 5 
6
1
7
Totals 31 9 11 1?
H=0.87 c 3 d.f. NS
I II III IV
1 1 1
2 1+ 1 it
eg 3 6 it 11
3 ^ 11 6 5 3
0 5 9 2 1
6 1
7
Totals 31 -9 11 19 _
H==17.6 C 3 d . f . * *
SPONGE SPICULES
I II III IV
1 2
2 2
CO 3
6 1
3  ^ 3 3 1
0 5 5 1 2 2
6 7 7 2 11
7 6 1 3 5 ..
Totals 31 9 11 19 .
H==8.it8 c 3 d . f .  *
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KRUSKAL-WALLIS DATA AMONG PROVINCES WITHIN REGION I (SLOPE)
DIATOMS
1
2
03 303 i,a *0 5 
6 
T
1-1 1-2 1-3 I-lt
3 2 
2 1
1 k k 
1 1 2  1
2 1 3
2 1
Totals h 12 10 5
H=11.U3 c 3 d.f.**
SILICOFLAGELLATES
1
2
03 ^
§ 5 
6 
7
1-1 1-2 1-3 I-U
1 7  9 1 
1 5  1 2
1
2 1
Totals it 12 10 5
H=10.89 c 3 d.f.*
PYRROPHYTE CYSTS
1-1 1-2 1-3 I-it
1 2 11 10 2
2 1 1  3
03 3 1
3 it
0 5
6
7
Totals it 12 10 5
H=10.69 c 3 d.f.*
RADIOLARIA
1-1 1-2 1-3 I-U
1 2
2 2 2
03 3 203 1< it 2 it it 2
0 5 1 it 2 3
6 1
7
Totals it 12 10 5
H=U.69 c 3 d.f. NS
PHYTOLITHS
1
2
0 5 
6 
7
1-1 1-2 1-3 I-it
1
2 1 1  
2 2 1 1  
2 it 3 2 
3 5 1
Totals it 12 16 5
H=2.93 c 3 d.f. NS
SPONGE SPICULES
1
2
| I
^  1 
7
1-1 1-2 1-3 I-it
1 1 
1 1 
3 3 
3
it 1 
3 3 1 
1 5
Totals it 12 10 5
H=l8.l6 5 3 d.f.**
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KRUSKAL-WALLIS DATA AMONG PROVINCES WITHIN REGION II (RISE) 
DIATOMS RADIOLARIA
II-5 II-6 II-7
1
2
C/5 3 1 1C/5 ,< 4 2 1H co 5 1 1 2
6
7
Totals 4 2 3
H=0.63 c 2 d.f. NS
SILICOFLAGELLATES
II-5 II-6 II-7
1
2
CQ 3
^  5 
6 
7
1 1 
3 2 2
Total3 ............ 3 .
H=0.71 c 2 d.f. NS
PHYTOLITHS
II-5 II-6 II-7
Totals
H=0.20 c 2 d.f. NS
PYRROPHYTE CYSTS
II-5 II-6 II-7
1 4 l 3
2 1
co 3
<] 4
o 5
6
7
Totals 4 2 3
H=3.5 c 2 d.f. NS
1
2
CQ 3
° 5 
6
-.... 7
II-5 II-6 II-7
3 3 
1 1 
1
Totals ..b 2 3 ,
H=5.5 C 2 d.f. NS
SPONGE SPICULES
1
2
CQ 3
° 5 
6 
7
II-5 II-6 II-7
1
3 2 2 
1
Totals ^ 2 3
H=2.37 C 2 d.f. NS
35h
KRUSKAL-WALLIS DATA AMONG PROVINCES WITHIN REGION III (CONE)
DIATOMS RADIOLARIA
III-8 III-9
1
2
CQ 3
1 3
<£ k 1 k
H ro 5 
6  
7
1 1
Totals 3 8
III-8 III-9
l 3
2 1
cq 3
CQ )
3 * 1  2H  r
o  5 3
6 1
7
Totals 3 8
H=0.19 c 1 d.f. NS
SILICOFLAGELLATES
III-8 III-9
1 2 7
2 1 1
cq 3
3 UM  £—
o  5
6
7
Totals 3 8
H=0.58 c  1  d . f .  NS
PYRROPHYTE CYSTS
III-8 III-9
1 2 8
2 1
CQ 3
3  **
o 5
6
7
Totals
r3Dro
H=2.66 c 1 d.f. NS
H=0.39 c 1 d.f. NS
PHYTOLITHS
III-8 III-9
1
2 1
CQ 3 1 3
3 ^ 1 1+
o 5 1
6
7
Totals 3 8
H=1.h6 c 1 d.f. NS
SPONGE SPICULES
III-8 III-9
1
2
CQ 3
1
3 ^ 1 2
^ 5 2
6 2
7 2 1
Totals 3 8
H=1.09 c 1 d.f. NS
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KRUSKAL-WALLIS DATA AMONG PROVINCES WITHIN REGION IV (PLAIN)
DIATOMS RADIOLARIA
IV-10 IV-11
1 1
2 1
CO 3 k 1
2 u 5 5
0 p 1 1
6
7
Totals 11 8
H=0.U0 5 1 d.f. NS
IV-10 IV-11
1 1
2
co 3 1 1
3 k
3 5 7 2
6
7
Totals 11 8
H=2.76 c 1 d.f. NS
SILICOFLAGELLATES PHYTOLITHS
IV-10 IV-11
1 6 5
2 14 2
co 3 1 1
2 k3 5
6
7
Totals 11 8
IV-10 IV-11
1 1
2
co 3 U
2 k 8 33 5 3
6
7
Totals 11 8
H=0.05 c 1 d.f. NS H=8.T8 c 1 d.f.**
PYRROPHYTE CYSTS SPONGE SPICULES
IV-10 IV-11
1 10 6
2 1 2
co 3
<e h
H r0 5
6
7
Totals 11 8
IV-10 IV-11
1
2
2  ^ 1
§  5 2
6 7 U
7 2 3
Totals 11 8
H=0.8U c 1 d.f. NS H=0.55 c 1 d.f. NS
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FREQUENCY DATA OF SILICEOUS MICROFOSSIL GROUPS: BY SAMPLE
to
| to
•
oa n i gotoi-i
MPUto
WO» JW
< to
gM. iB uoL_J r*lS3 ■ -« oH M
1to § MQ
r-»
Hto
r-»
§ 2co wPH
1 i-i 6 k 3 6 k u
2 i-i k 2 1 6 k 3
3 i-i 3 1 1 6 5 k
63 i-i 6 k 2 7 6 3
k 1-2 1 1 1 3 2 1
5 1-2 2 1 1 2 2 2
6 1-2 3 1 1 6 U 3
7 1-2 k 2 1 6 U k
8 1-2 3 2 1 3 U k
9 1-2 5 2 1 5 5 5
10 1-2 5 2 2 5 5 5
58 1-2 3 1 1 5 5 5
6k 1-2 1 1 1 1 1 2
65 1-2 2 2 1 5 5 U
66 1-2 3 1 1 6 k 1*
67 1-2 1 1 1 3 1 3
11 1-3 1 1 1 1 2 2
12 1-3 5 1 1 k 5 5
13 1-3 k 1 1 6 5 5
lU 1-3 2 1 1 3 2 3
15 1-3 3 1 1 3 k 5
16 1-3 3 1 1 2 k 5
17 1-3 k 1 1 3 k k
18 1-3 3 2 1 it k 5
19 1-3 1 1 1 5 3 U
20 1-3 3 1 1 1» 3 U
21 I - k 5 2 1 7 5 2
22 I - k 5 2 2 7 5 U
23 I - k k 1 1 7 k 3
55 I - k 5 3 2 7 k U
56 I - k 6 1+ 2 7 5 5
2k H-5 5 2 1 6 5 U
25 II-5 1* 1 1 6 it U
26 H-5 k 2 1 6 5 5
62 H-5 3 1 1 7 5 k
27 II-6 5 1 1 6 5 5
28 II-6 U 2 2 6 5 6
29 H-7 5 2 1 6 5 U
30 II-7 3 1 1 5 U it
68 II-7 5 2 1 6 5 U
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FREQUENCY DATA OF SILICEOUS MICROFOSSIL GROUPS: BY SAMPLE
AM
PL
E 
NO
.
wo so
CO
S
1
8
s §aH
M
3
CO Oi o CO
UO III-8 1 1
Ul III-8 k 1
U2 III-8 5 2
U3 III-9 k 1
bb III-9 5 2
b5 III-9 k 1
b6 III-9 k 1
57 III-9 1 1
59 III-9 1 1
60 III-9 k 1
6l III-9 1 1
31 IV-10 5 3
32 IV-10 k 1
33 IV-10 k 2
3b IV-10 3 1
35 IV-10 3 2
36 IV-10 u 2
37 IV-10 3 1
38 IV-10 2 1
39 IV-10 u 1
69 IV-10 b 2
70 IV-10 3 1
bl IV-11 u 1
U8 IV-11 1 1
k9 IV-11 b 1
50 IV-11 3 1
51 IV-11 u 1
52 IV-11 u 2
53 IV-11 u 2
5b IV-11 5 3
S
M
P4 <<M So
CO
CO EHM
M
H 865
1-5oH 8
e g 9 n< CO p3
i u 2 2
i 7 u u
2 7 6 3
1 7 b
1 6 5 5
1 5 b U
1 5 b U
1 U b 3
1 3 1 3
1 6 5 b
1 U 1 3
1 7 5 U
1 6 b U
1 6 5 5
1 5 5 b
1 6 5 5
2 6 5 5
1 5 U U
1 6 3 U
1 6 5 b
1 7 5 b
1 6 b b
1 6 b 3
1 U 1 1
1 7 b 3
1 6 3 3
1 6 U 3
2 7 5 U
1 6 U b
2 7 5 b
APPENDIX E 
NESTED ANALYSIS OF VARIANCE
The relative frequency of occurrence, mean preservation and mean 
size for each diatom taxon were analyzed following the nested analysis 
of variance procedure within a completely randomized design. (Sokal 
and Rohlf, 1969). The 2b samples in the analysis with totals of less 
than 300 diatom taxa were omitted from this analysis. The objective 
of the analysis was to determine which species (relative frequency, 
mean preservation, and mean size) varied significantly among regions 
in the Gulf of Mexico bottom sediments.
The linear additive model used to explain an individual observation
where:
Y... = the frequency of occurrence of a given taxon or its
average preservation value, or its average size value
from the kth sample of the jth province within the ith region;
u = the overall mean;
R. = the effect of the ith region as a deviation from the overall
1 mean (i = 1, 2, 3, b);
P.. = the effect of the jth province within the ith region as a 
deviation from the mean of all provinces within the ith 
region (j = 1, 2, ... s, where s is the total number of 
provinces within the ith region);
£. = the effect of the kth sample of the jth province within the
ith region as a deviation from the mean of the kth sample
from the jth province within the ith region, NID~To , oe ).
The following assumptions were made for the Nested Analysis of
2
Variance in a Completely Randomized Design and the Maximum R Regression 
Technique (Appendix F):
is:
Y.ijk
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1. A random sample was drawn from each population.
2. The populations sampled were normally distributed. This assump­
tion becomes less important as the sample size is increased due to the 
fact that the sample mean computed from each sample will be from a popu­
lation that is normal or approaching normality as sample size increases, 
regardless of the distribution of the original population.
3. Population variances are homogenous.
The analysis for each species includes the degrees of freedom, 
mean square, and variance component associated with each source of vari­
ation. The calculations involved in obtaining the appropriate degrees 
of freedom, mean square and variance component can be found in Sokal 
and Rohlf (1969, pp. 256-265). For a discussion of geological applica­
tions with the nested analysis of variance, see Schilling and Hart 
(1972, 197M- The Statistical Analysis System Manual of Barr and Good­
night (1972) was used in the computer analysis of this data.
Variance components for region, province within region, and sample
within province within region (i.e. error) were calculated by obtaining 
a given mean square with its expected value as follows:
calculated value since the number of samples per province and the num­
ber of provinces per region was not constant. The coefficients in the 
expected mean square are:
SOURCE EXPECTED MEAI'I SQUARES
Region a 2e
Provinces/Regions a 2e
Sample/Provinces/Regions a 2e
The coefficients (k^, k^, k^) for each variance component represent a
360
r. p.. r, pii
i * Sn2
E Enijk " 1 p.yiJ-
En
(l) k = i.1k
df for provinces
Where:
r^ = regions
Pij = Prov^nces/reS^ons
n.„ = number of samples/provinces/regions 
i jk
df = degrees of freedom
P-* r. p.,r. *ij l
E En2, Z  2n2,
JJiL_________ JJk
p.. r. p..
*ij i ij
(2) k2 = ______ljk__________ ljk
df for regions
Where:
r^ = regions
p^j = provinces/regions
n.., = number of samples/provinces/regions 
i Jk
df = degrees of freedom
r. r.
1 v 2
Zn., - En ii 
iJ Y~-l
(3) k3 = _______Eni.1
df for regions
36l
Where;
r^ =* regions
p.. = provinces/regions 
J
nij = number of samples/provinces 
df = degrees of freedom
Estimates of variance components that are negative are set to 
0.0000 as a variance does not take a negative value.
Analysis of variance tables were constructed for all species, hut 
only those that showed a significant (0.05* denoted by *) or highly 
significant (0.01, denoted by a*) F-ratio are given in this Appendix.
ACTC - Actinocyclus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provi nee s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5 
3 
T 
35
MEAN
SQUARE
881+.71+91+** 
107.3186 
129-1+286
AC1 - Actinocyclus octonarius var. sparsus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
U5
3 
7 
35
MEAN
SQUARE
6.9685 
7.5255** 
2.1783
AC2 - Actinocyclus octonarius var. crassus
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total 1*5
Regions 3 1+75.1832*
Provinces/Regions 7 91.31+09
35 96.1+726
Sam ples/Provinces/
Regions
VARIANCE
COMPONENT
71.881+8 
0.0000
129.1+286
VARIANCE
COMPONENT
0.0000
1.3552 
2.1783
VARIANCE
COMPONENT
35-1+223
0.0000
96.1+726
AMI - Amphora decussata
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
*+5
3
7
35
MEAN
SQUARE
0.01+51 
0.0825*
0.031+3
BA1 - Bacteriastrum
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
^5
3
7
35
MEAN
SQUARE
0.2812
0.5921**
0.1562
COCC - Cocconeis
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Sam ples/Provinces/
Regions
DEGREES OF 
FREEDOM
^5
3
7
35
MEAN
SQUARE
8.0026
82.8703**
12.851+3
VARIANCE
COMPONENT
0.0000 
0.0122
0.031+3
VARIANCE
COMPONENT
0.0000
0.1105
0.1562
VARIANCE
COMPONENT
0.0000
17.71+51+
12.851+3
CC2 - Cocconeis disculoides
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total 1+5
Regions 3 2.7I+38
Provinces/Regions T 8.6969*
Samples/Provinces/ 
Regions 35 3.2012
CC3 - Cocconeis grata
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total 1+5
Regions 3 2.9271+
Provinces/Regions 7 27.3315**
Samples/Provinces/ 
Regions 35 5.961+8
CC7 - Cocconeis cf. C. pseudomarginata
FREQUENCY:
SOURCE OF 
VARIATION
degrees OF
FREEDOM
MEAN
SQUARE
Total 1+5
Regions 3 0.0663
Provinces/Regions 7 0.1020**
Samples/Provinces/ 
Regions 35 0.0286
VARIANCE
COMPONENT
0.0000
8.6969
3.2012
VARIANCE
COMPONENT
0.0000
5-1+151+
5-961+8
VARIANCE
COMPONENT
0.0000
0.0186
0.0286
COSC - Coscinodiscus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
^5 
3 
7 
35
MEAN
SQUARE
laiU.5875 
1*260.2031**
1006.5898
VARIANCE
COMPONENT
0.0000
82U.6227 
1006.5898
CS2 - Coscinodiscus africanus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1*5 
3
7
35
MEAN
SQUARE
5.1U86
3.U10U*
1.0809
VARIANCE
COMPONENT
0.1321 
0.590U
1.0809
CS7 - Coscinodiscus .Tonesianus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
DEGREES OF 
FREEDOM
U5
3 
7
MEAN
SQUARE
0.2639 
0.6525**
VARIANCE
COMPONENT
0.0000
0.1323
Sam ples/Provinces/
Regions 35 0.1307 0.1307
CS9 - Coscinodiscus nitidus
F R E Q U E N C Y :
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+5
Regions 3 23-9005 0.0000
Provinces/Regions 7 130.61+01+** 27.51+17
Samples/Provinces/ 
Regions 35 21.9721+ 21.9721+
CS10 - Coscinodiscusi nodulifer
F R E Q U E N C Y :
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+5
Regions 3 51+56.7897 0.0000
Provinces/Regions 7 5087.1601** 938.151+3
Samples/Provinces/
Regions 35 1385.5991 1385.5991
CSll+ - Coscinodiscus radiatus
F R E Q U E N C Y :
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+5
Regions 3 26U.UllH* 10.71+15
Provi nces/Re gi ons 7 137.9056 79.21+99
Samples/Provinces/ 
Regions 35 61.9536 61.9536
CYCL - Cyclotella
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total ^5
Regions 3 168.7818
Provinces/Regions 7 129.2063*
Samples/Provinces/
Regions 35 1+8.9762
CY1 - Cyclotella striata
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
1U7.0093
120.812H*
1+7.1+211
DC3 - Dictyocha messenansis
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total
Regions 3 60.1379
Provinces/Regions 7 172.781+6**
35 29.9809
Sam ples/Provinces/
Regions
VARIANCE
COMPONENT
2.6816
20.331+2
1*8.9762
VARIANCE
COMPONENT
1.5313
18.6009
1*7.1+211
VARIANCE
COMPONENT
0.0000
36.1933
29.9809
DIPL - Diploneis
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Sam ples/Provinces/
Regions
DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
*+5
3 92.0082 ** 6.MU0’
T 21.7657 0.567*+
35 19-5269 19.5269
DPI - Diploneis borabus
DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
*+5
3 5.7898 0.0000
7 8.6559* 1.1*921
35 2.7688 2.7688
DP5 - Diploneis smithi
DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
*+5
3 0.5373 0.0000
7 1.3M»9** 0.2373
35 0.U086 0.U086
EU1 - Eunotia spp.
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
3
7
35
MEAN
SQUARE
O.1U91
0.2177*
0.0238
Ml - Melosira granulata
F R E Q U E N C Y :
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
U5
3
7
35
MEAN
SQUARE
10.953U*
U.2069
2.25^5
M3 - Melosira cf. varians
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total **5
Regions 3 2.1113
Provinces/Regions T 9*3893**
Samples/Provinces/
Regions 35 2.2791
VARIANCE
COMPONENT
0.0000
o.okgi
0.0238
VARIANCE
COMPONENT
0.5980
O.49I+8
2.25^5
VARIANCE
COMPONENT
0.0000 
1.8021
2.2791
NITZ - Nitzsahla
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
78.1*295 
53.UUUU**
15.8381
NZ1 - Nitzsfthia marina
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
U5
3
7
35
MEAN
SQUARE
51.9710
33.9178*
11.81+50
NZ2 - Nitzschia panduriformis
F R E Q U E N C Y :
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
1.0875
0.8995*
0.3362
VARIANCE
COMPONENT
1.8553
9.5313
15.8381
VARIANCE
COMPONENT
1.3978
5.59U3
11.81+50
VARIANCE
COMPONENT
0.0105
0 .11+28
0.3362
NV6 - Havicula pratexta
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinees/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5 
3 
7 
35
MEAN
SQUARE
0.8691
2.1+963**
0.1+250
NV12 - Navicula spp.
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5 
3 
7 
35
MEAN
SQUARE
1.91+51 
3.6525* 
1.5307
0P1 - Opephora schwartzii
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
DEGREES OF 
FREEDOM
1+5 
3 
7
MEAN
SQUARE
0.81+01 
3.1689*
VARIANCE
COMPONENT
0.0000
0.521+9
0.1+250
VARIANCE
COMPONENT
0.0000
0.5377 
1.5307
VARIANCE
COMPONENT
0.0000
0.1+728
Samples/Provinces/
Regions 35 1.301+8 1.30U8
PARA - Paralia
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
2378.8181+
2057.01+01+**
605.2876
VARIANCE
COMPONENT
12.1955
367.91+1+2
605.2876
PI - Paralia sulcata
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
21+51.701+2
2025.8101+#*
606.321+8
VARIANCE
COMPONENT
22.171+7
359.7662
606.321+8
PEI - Pseudoeunotia doliolus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5
3
7
35
MEAN
SQUARE
0.1011+
0.3571**
0.0571
VARIANCE
COMPONENT
0.0000
0.0760
0.0571
PLAG - Plagiogramma
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total ^5
Regions
Samples/Provinces/ 
Regions
3 3.2U6U
Provinces/Regions ? 17.1226*
35 6.71*69
PL3 - Plagiogramma tessellatum
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total **5
Regions 3 0.7^12
Provinces/Regions 7 2.1897*
Samples/Provinces/
Regions 35 O-TSl1-
PlA - Plagiogramma sp. indet.
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total 
Regions
Provinces/Regions
3 0.9795
7 U.9283*
VARIANCE
COMPONENT
0.0000
2.6297
6.7^69
VARIANCE
COMPONENT
0.0000
0.3696
0.7311*
VARIANCE
COMPONENT
0.0000
0.8U69
Samples/Provinces/
Regions 35 1.5869 1.5869
RHIZ - Rhizosolenia
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5 
3 
T 
35
MEAN
SQUARE
2.6703 
7.1+295 * 
3.0U85
RH2 - Rhizosolenia styliformis
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5 
3 
7 
35
MEAN
SQUARE
0.1*058
1.1*286**
0 .1*000
R01 - Roperia tessellata
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5
3 
7
35
MEAN
SQUARE
1 6.1*61*8 
27.5291+*
9.2717
VARIANCE
COMPONENT
0.0000
1.1103 
3.0U85
VARIANCE
COMPONENT
0.0000
0.2607
0.1*000
VARIANCE
COMPONENT
0.0000 
1+ .6271+
9.2717
SILICO - Silieoflagellates
FREQUENCY:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total U5
Regions 3 166.81+59 0.0000
Provinces/Regions 7 317.0317** 6k.0386
Samples/Provinces/ 
Regions 35 61+.3621 61+. 3621
STIC - Stictodiscus
FREQUENCY:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+5
Regions 3 1+3.1+671+ 0.0000
Provinces/Regions 7 56.31+38** 11.5191
Samples/Provinces/
Regions 35 10.891+3 10.891+3
ST1 - Stictodiscus californicus
FREQUENCY:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+5
Regions 3 0.1+026 0.0000
Provinces/Regions 7 2.31+92* 0.3818
Samples/Provinces/
Regions 35 0.8»+28 0.81+28
ST2 - Stictodiscus trigonus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+5 
3 
7 
35
MEAN
SQUARE
12.0672
lU.7392* 
1+.8526
ST3 - Stictodiscus trigonus var. A
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
1+5 
3 
7 
35
MEAN
SQUARE
8.3995 
7.2276 ** 
2.0631
STU — Stictodiscus trigonus var. B
FREQUENCY:
SOURCE OF DEGREES OF MEAN
VARIATION FREEDOM SQUARE
Total 1+5
Regions 3 0.0371
Provinces/Regions 7 0.0907 *
Samples/Provinces/
Regions 35 0.0333
VARIANCE
COMPONENT
0.0000
2.5057
U.8526
VARIANCE
COMPONENT
0.01+58 
1.3089 
2.0631
VARIANCE
COMPONENT
0.0000 
0.011+5
0.0333
THSL - Thalassiosira
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
U5
3
T
35
MEAN
SQUARE
99U.6511
837.1361**
1U2.3381 '
VARIANCE
COMPONENT
6.160U
176.0953
1U2.3381
TS2 - Coscinodiscus domifactus
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
U5
3
7
35
MEAN
SQUARE
557.2808 
917.3^12 **
58.2859
VARIANCE
OOMPONENT
0.0000
217.7261
58.2859
TY1 - Trachyneis aspera
FREQUENCY:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
U5
3
7
35
MEAN
SQUARE
0.5319
0.7328**
0.2028
VARIANCE
COMPONENT
0.0000
0.13^3
0.2028
ACTC - Actinocyclus
PRESERVATION:
SOURCE OF 
VARIATION
Total
Regions
Province s/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+3
3
7
33
MEAN
SQUARE
0.3326**
0.0329
0.0860
VARIANCE
COMPONENT
0.029!+
0.0000
0.0860
AC1 - Actinocyclus octonarius var. sparsus 
PRESERVATION:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
21+
3 
7
ll+
MEAN
SQUARE
0.972U*
0.2832
0.2753
VARIANCE
COMPONENT
0.122U
0.0036 
0.2753
CS10 - Coscinodiscus 'nodulifer
PRESERVATION:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
!+5 
3 
7
35
MEAN
SQUARE
0.02U9 
0.11+26 **
0. 0032
VARIANCE
COMPONENT
0.0000 
0. 0028
0. 0019
CY1 - Cyclotella striata
PRESERVATION:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 39
Regions 3 0.0109 0.0000
Provi nee s/Regions 7 0.5878* 0.1093
Samples/Provinces/ 
Regions 29 0.2190 0.2190
DIPL - Diploneis
PRESERVATION:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+3
Regions 3 0.3652 * 0.0265
Provinces/Regions 7 0.0921+ 0.0000
Samples/Provinces/
Regions 33
DP3 - Diploneis
0.1191+
crabro
0.1191+
PRESERVATION:
SOURCE OF 
VARIATION
DEGREES OF 
FREEDOM
MEAN
SQUARE
VARIANCE
COMPONENT
Total 1+0
Regions 3 0.901+0 0.0358
Provinces/Regions 7 0.1+951 * 0.0951+
Samples/Provinces/ 
Regions 30 0.1687 0.1687
STIC -  Stictodiscus
PRESERVATION:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
29 
3 
5
21
MEAN
SQUARE
0.2326
0.6728*
0.2^09
VARIANCE
COMPONENT
0.0000
O.lhkk
0.21*09
AC2 - Actinocyclus octonarius var. crassus
SIZE:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF 
FREEDOM
1+2
3 
7 
32
MEAN
SQUARE
15.81+99*
2.7291*
1+. 71*92
CS9 - Coscinodiscus nitidus
SIZE:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
31*
3 
6 
25
MEAN
SQUARE
22.3678
1*1.0266*
16.2637
CYl - Cyclotella striata
SIZE:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/
Regions
DEGREES OF 
FREEDOM
39 
3 
7
29
MEAN
SQUARE
21+.362U* 
1+.0059
7.9838
VARIANCE
COMPONENT
1.3226 
0.0000
1+. 71*92
VARIANCE
COMPONENT
0.0000 
7.7650 
16.2637
VARIANCE
COMPONENT
2.2592 
0.0000
7.9838
PI - Paralia sulcata
SIZE:
SOURCE OF 
VARIATION
Total
Regions
Provinces/Regions
Samples/Provinces/ 
Regions
DEGREES OF MEAN VARIANCE
FREEDOM SQUARE COMPONENT
^5
3 37.862U 2.2505
7 12.2935** 2.2138
35 3.5588 3.5588
APPENDIX F
MAXIMUM R REGRESSION TECHNIQUE: 
RELATIONSHIP OF FREQUENCY OF OCCURRENCE 
TO THE DEPTH OF WATER
In order to evaluate the relationship of frequency of occurrence
2
of the predominant diatom taxa to water depth, the maximum R regression
technique was employed as outlined in the Statistical Analysis Systems
Manual of Barr and Goodnight (1972, p. 128).
The initial model applied to the diatom frequency data includes the
effects of water depth represented by the linear, quadratic, cubic and
2
quartic polynomials. The maximum R procedure evaluates each species
with respect to each effect of water depth. The model can be expressed
as follows:
Y. = A + B.,d. + B0d2 + B„d? + B.dV + ij 1 i 2 3 i A l lj
Where:
Y.. = the relative frequency of occurrence of a given taxon from
1J the jth slide made from the ith sample, (i.e. ith depth);
A = the Y-intercept (the value of the dependent variables when 
water depth is zero);
B = the partial regression coefficient of frequency of occur­
rence on the linear response of water depth (d);
B2 = the partial regression coefficient of relative frequency of 
occurrence on the quadratic response of water depth (d );
B = the partial regression coefficient of relative frequency of 
occurrence on the cubic response of water depth (d^);
B^ = the partial regression coefficient of relative frequency of 
occurrence on the quartic response of water depth (dM;
d^ = the depth of water of the ith sample;
2= random error NID (0, cre).
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Tests of significance were performed on each of the four partial 
regression coefficients included in the initial model. The highest 
polynomial model in which each coefficient is significant at the 5% 
probability level was chosen and the equation based on the regression 
model used to interpret that taxon's frequency trend in the Gulf of 
Mexico. Calculations required to obtain the partial regression coeffi­
cients and the evaluation of their statistical significance are explained 
in Snedecor and Cochran (1967, Ch. 13). Regression analyses were per­
formed only on those diatom taxa whose relative frequency was one-half 
a percent of the total frequency count. The regression equations repre­
sent predicted values for the frequency of occurrence of the particular
2
diatom taxa. The value of R , the coefficient of determination, is used
to relate the variation illustrated by changes in relative abundance of
each taxon accounted for by the prediction equation. That is, the ratio
of the variation accounted for by the prediction equation to the total
2
variation. The value of R may vary from 0 to 1. It did not approach 
a high value of 1 for any of the taxa studied. Thus, the unaccounted 
sources of variation (other than depth) clearly affect the distribution 
of diatom taxa in the Gulf of Mexico bottom sediments.
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CORRELATION BETWEEN FREQUENCY OF OCCURRENCE AND WATER DEPTH 
(WHERE DEPTH TESTED TO THE 1+th POWER)
o
Coscinodiscus nodulifer (CS10) R =0.0512, RQg^o* D2D3D1*
Y = 52.1+7 - 0.000026 D2 + 0.00000002 D3 - 0.00000001 D^
Paralia sulcata (Pi) R2=0.1237, Rp^. D^gD^
Y = l+. 12 + 0.031*9 D1 - 0.000018 D2 + 0.00000001 D3
2
Actinocyclus octonarius var. crassus (AC2) R =0.2138, DlD2D3Dl*
Y = 31*.38 - 0.061* D1 + 0.00001*6 D2 - 0.0000001 D3 + 0.00000001 D^
2
Coscinodiscus domifactus (TS2) R =0.01+39, Rrpgp*
Y = 2.68 + 0.00000001 D^
Coscinodiscus radiatus (CSll*) Not significant, p > .05
Cyclotella striata (CYl) R2=0.0312, D^
Y = 1+.68 - 0.00059 Dx
2
Hemidiscus cuneformis (Hi) R =0.1578, R^» D^IL^D^
Y = 12.61 - 0.025 Dx + 0.00002 D2 - 0.0000001 D3 + 0.00000001 D^
Nitzschia marina (NZl) R2=0.0893, ^3^4
Y = 2.39 - 0.0000001 D3 + 0.00000001 D^
Coscinodiscus nitidus (CS9) R^=0.07l8, Rggg- ^3^
Y = 1.31 + 0.0000001 D3 - 0.00000001 D^
2
Diploneis crabro (DP3) R =0.2915, Ri 2^^ 3^ 1*
Y = 12.31* - 0.02k D1 + 0.000018 D2 + 0.0000001 D3 •*• 0.00000001 D^
Actinocyclus octonarius var. sparsus (ACl) R =0,0225, R^C1*
Y = 1.58 - 0.00000001
Cocconeis grata (CC3) R^=0.079*t, ^CC3* ^1^2^3^U
Y = 0.81 + 0.0079 D - 0.000008 D2 + 0.0000001 D3 - 0.00000001
2
Thalassiosira decipens (TS3) R =0.0712, Ripgg* ®i^2^3^U
Y = 1.56 + 0.011 D1 - 0.00001 D2 + 0.0000001 D3 - 0.00000001
p
Thalassiosira eccentrica (TSU) R =0.1l8l, Rrpgj^ * ®2.®2^ 3
Y = 5.00 - 0.0055 Dx + 0.000022 D2 - 0.00000001 D3
0
Coscinodiscus denarius (CS6) R =0.0695, ®2^3^U
Y = 0.0885 + 0.000003 D2 - 0.0000001 D3 + 0.00000001
Coscinodiscus oculus-iridis (CS12) Not significant P>.05
Stictodiscus trigonus (ST2) R^=0.0366, Rgrpg” ®3*\
Y = 0.2UU1 + 0.0000001 D3 - 0.00000001 Dj^
Melosira granulata (Ml) R^=0.0260,
Y = 0.1*25 + 0.00000001 Dj^
2
Roperia tesselata (ROl) R =0.1957, ^ 01 * ®2^ 3^ 1*
Y = 3.95 - 0.000003 D2 + 0.0000001 D3 - 0.00000001
Asterolampra marylandica (AL2) R^=0.l81*9, ^ L 2 ‘ ^1^2^3
Y = 5.07 - 0.005 D1 + 0.000002 D2 - 0.00000001 D3
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